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~ Thrs S§udy Guide
s Your At Home
. “lgstru'ctor’; _

Follow All Directions
o _Carefully ~



»

N Begmmng Your Program\§ Stud§ l-llnts

. u
T Carefully reid these twelve _steps.
This ir-ormaticn outlines the wa . sour mstructlonal or-gram will help vou

leafrn rew informa: >n and sk - “rese 12 steps are —ere ° provide you
Wwith a juide o~ how to study * 2 achieve the be=- results from vaur -
» . course. We dc -ot 2xpect yo. -emorize them. v . w.il receive addi-
tional directi-  ard reminde~ - -ow to study as . .4 progtess through [
your Sudy G e ‘ AP
Va - “a o
2. Select a plece to . ..dy where distracnio~~ are at a minimum.
l ‘ Aplea- 1t a*”.;ohere good |IC"’ pro 2r temperature aco"wfortable cnalr
and d= -~ or _zi=. ahd minima "2is= 9 television - -adic) will help you
. chie 2w results. - : '
* 3. Regke ~toeuctron to your Stuc‘ G e . '
. v 7 This - a~ was written to info-m the organlzatlon and s ubture of
o your TSk onal materials anc th» 'they ‘were developed tb help you
imp- yc . { learning. This is the first stage of the ledrning system lt is -

L vdes ~=zd toial" you learn how to «-arr. \’ :
. P . N

N
4. Study th Jnit ®rgviews in“.y‘our Study wuae. o
Onc4: oy, -+ to read the.first U~ --2view, you w 1 have entered the se\

<

con. -age the learning progre 1ese sectiors will'give you a brief
pre: . - "= = subject matter you. . . study in ‘each unit of the textbook.

5. Careful! ~ilow .ne directions that i~ -ediately follow the Unit Preview. -
-The = ~=cu2 == will provide you w  tnhe glidance andsdirection needed to ™

use tex _rok and Study Guid- - achieve optimal benefits. . . -
6. Study tr= _earning Objectives of the __ .sson.
) Thiz -=ct'on will tell you the co- =2t of the specific lesson‘ and will list
sor= -7==e 'mportant concepts -ou il learn. This material’will help you
- . lear- :>y providing you with- cluee or what to expect.

7. Study the assigned textbook reading :
The textbodk contaugs important technical information and concepts that
« were |dent‘|f|ed by specualusts in tﬁe heatmg mdustry It is youg,prlmary

0 -,
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1. Complete the Unit Examination and mail it to your mstructor S
‘The results of this test will assist your {nstructorin evalua’m LT TTO-

~

/.

‘ S, . /-',, e .
S 9

- 8. Immeduat ly after reading the extbooka |gnment complete,:h% a=ssigned
acing

‘Progress Review in your Study Guide. , r /
The’ Progress Review alfows you to apply your newlIacquued kn wles Z2 tof

- answer ques.tlonvsr;}d.solve problems.-It also will
-any. mtsundersta |ng
studled e . e

ist you-i- :lar ving
s you have regardlng the subje matter you ust

-

the Study Guaide. _ - '

N

is A disagrgement regarding a test item answer, or if you nesd clz- cation,
refer- back to the textbook. If you need Mipre help,. f|H ut < - .udent
Assustance form and-mailit to your mstfuct ' A

le&ullprovudeypu wuthlmmedlate feedback of you achleveme ) mefe'

-
e

}
10 After you have reviewed your Progress Revuew and the, text materiai epesn .-
*steps 5, 6, 7 8 and 9 for the @amlng assignments wutmn the ydit

Y

-

- gress and achievement. The results will also be used’to proviit:  wu_with
remedlal assuStance when 'necessary . ™~ .

12. Begin yqur next,umt of study mn;eduatelya ter malllng the Upit E :mi~a: on.

- Your certificate of achlevement ‘will be mailed to you after you -atisia= TtQi-

Y completeallthe assignménts mthuscourse the Four Upit Exzmina- 1ons

" vide you with.specially developed mstructro

‘%anfl Course Evaluation Form. Remember, ohe of the impgprtant advanta
~of home study § that YOU) set your. own pace of educatfonal ‘chrev-——nent

" You aré in controt of when, where, and how. M study.“The school'w. | pro-
| materials to #SLP Y ~U BE -

ﬁ\SUCCESSFUL in home 'study. Do not hesitate 50 write whene srvc . need
AN assrstanCe Good Luck! N _
’ - . - %
Y o Lo ) -
. S - . /
.Instfuctional smL f . e/
.o . _ N " ¢ b ot L
b ’ 7 . H Al
o : . . ) . ‘ \ . i
— ..“_ / -‘ . e
“ i i v \- A -
b - v N o | . i\ : c\ : *
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9. Compare your an%s‘with those given in the Answ‘er?w in the b:rk o! v

Kt

-
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o s ) , L
For the purposes of e ong this training cou}se a heating and air condition-
ing technician is identif.®a as - person who may sell, desugn specify and/or super-
vise the installation of -3~z residential and light commercial heating and air-
“conditioning sy’stems e g the use of recognized standard component&
se-is to provide the hea%g.\and air~

sses.. .
Upon.t—he completlon of the coqrse the student echnlctan should be able to:

A1, Identify and unders‘and the f nctlon of all'th com onents in both air and
- hygdronic solarﬂssnvted heating ystems using lat plate collectors. . -

9

*2." "Size and layout all :he typical solaf comporients used ‘in residential or light,
comn'fercual solar systems wuth guudance “and assustance from component
manufacturers 0 R ¢ - .

3. Assist in planninc and supervusund,the |nstallat|on of solar components in .
residences:and o =r lightly constrdCted bUIldII')q}S with ng unusual occupancy .

requirements.

' .

4. Assist in troublesnooting common solar ass|sted heatlng e&eratlonal pro-
« blems. - . . .

v

- In preparing this matenal |t{has been assumed that the student technuc‘ian 1) 8n-
~ derstands basic Réatthg industry terminology; 2) has knowledge of heat I~ s calcu-
flatlon procedurr an~ ° wnows simple duct and :-ipe sizing techniques, as .
resentéd in recu. +=. ourses in Fundamentals of Heating, Heating & Cooling. 2
S tem Design anc » > aern Hydronic Heating, or-as ng}mally accquured by prac- >
tical expe(l’ence “on the job" in the ifndustry.
Mastery-of these tra|n|ng objectives will be demonstrated by successful comple- o~
> tion of fouy wr|tte'|§ unus examinations durlng the tra,lnlng’mirlod ’

. « % t i >
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) . . A . -~ v */ '_'.‘}
. Fundamentals-of Solar Heating.: -

, ‘ B Iptr,oductlon ‘ e
o e Q Lo
You are about toe jein t_héTJs_and§ of other ambitious'ge?jéle ho have found cor-
+~ respondgnce study a Most efficient angd rewarding way 6fcontin'u‘ng their educa-
tion. The {ac that yqu have chosen to’enro#in a fome study.edugational program
.. indicates "that you srealize , the importance of .continuing $odr educati n.
- Technolqgicalrﬂduan/c; are creating mbny new jobs insbusiness and industry, 3s
well-as eliminating somé. More than everbefore, men and women are findipg that -
““contintiihg educatiog? i begbming & m they are to keep pac? with increas- -+
ing industrial and tedhnical €hanges. .’ : AR & s
¥ Haqge study is being used successfully by large mbers of people jn the profes- .
:’sions to update their knawledge of a field of study as Well ag a medns of learning , - -

. . . - . . . i . . . .
{T8w subject matter. Many businesses and industrial companjes encourage their "+
mployees to enroll in corfespondence programs as a cbnxenie&t means of majn-
2. - . :

\taining and improving professional skills. e . i}
\’h‘ﬁsch researéh and effort has been put forth to de¥etop a program of Studys

which will assist you in achieving your desired goal of self-improv, ment. Alk of
ﬁou'f‘ istructional materials \have been w(itten and designed to HELP YOU TO .
LEARN . , : o . . ¢ — St [ :
Yod} educational mdterials consist primarily of a spectally created textbook,
Fundamentals of Solar Heating,"and a Study Guide. ' ‘

The textbook was edited by Dr. James J. Bquer, Professygr, Industrial Tech-
nolagy, The Ohio State University and Jafires H. H aly, Director of Education,
. ‘.- *

\Northam‘eric_:‘an/ Héat_i_ng and-Airconditioning Wholesgalers Association.-
T a . ) ) o ,

¥o~u will be learning new information frprhyour textbook much the ‘sgme as'yop ¢

'+ would in a regular 8lassroom sgchool except that you will do it at youf own ;(ace in ¢

~ the'convenience of your-own home.  ~ <" U -
- ’ . Ky l‘ ‘ C . - . }

The Study Guide has been developed by professional kedu_cators to help you
" learn,more efficiertly and effectively. The Study Gi_ide is designed to pfdvide you
with immediate confirmation or.correction of your-understanding: of-the subject

“ ‘- » . . L.
ma}ter . . @ . . ) . F v ® . ‘e .-
B

\' : . A s ) . " 11 . e ’ - -. M ) \ -. .- : .
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HovﬁDoes The Instructronat System WOrlg" f S SR

The twgb‘o‘dks are deslgned to sgrve as‘a programmed“ instry ctional system:
whlc ill provide-ygu with immediate feagback about Your success in. wunderstan- .
« djng or applylng the learned information. The Study Guide assumes the role of.
. a “subst utg" teacher fof the hdme study student. Thus it prowdes~you with the ~
" necessary.guidance anddirection,t to help clarlfy, apply, understand and remtorcé A
younlearnung:actuvutras v O W e
. * There ace review tests apd unit examrnatlons stfuctured 5\9 that t‘ney assist.you .
.. in reviewing the terial 1ust studied and in mtegritlng new mformatron with that
I€arned in previo\s lessons. The unltexamlnatlons wrll aIso serve as. 2 dlagnostlc
.and evaluative tqol for‘your |nstructor -
( The main purpose of the rewew\tests and unit examlnapons |s to determine
. leether you,have attamed the deslred goaIs or purposes of the (;ourseK Yo,ur—vn

structor will use the resulfs of the unit examinagions to prowde you W|t urther in-
. T et
. structlon and remedia aSS|stan‘te whenever ngisary = ¢
v . ,’ . , B g ‘ . P R
How To Use ]’he .tudyu&nde L R S

. ‘A brief |ntroduct| 5h to each unit of study presented n your Study Gu:de A unit -

of study is_ merely a\collection of several cllixqely related ass jgnments. - L
A preview of each \§ssignment is also included in your‘Study Guide.-It contalns
Jhe general purpose oNthe téxtbaok sectlon and wha__you shoul.d,be able to do
after\.,tudyirrg-t»he'sectron Generally, after. readlng a specuflc umt p‘rewew you wrll

Ue referred to an assugnment in your te»tbook ~ ., . s -

PR ’ ) “ \

Erogress Revrew w T v, G ~, .
After completlng each textbook rgadlng assugnmem you will be askedsto com- .,
plete a Qrogress Review inyour Study Guide. it is important thatyo irst attempt
to-answer the reﬁew questions withdut rﬁe assistance of, your textbooﬁAQer you'
.. complete a// ‘of the items, chegk your a‘nswers with those listed in the*Answer Key
 located in the hack of-this’ Study Guide. It you selected awreng -answer, .or. if you
: were unable to, understand.a questqon refer Back Jo/the fextbooir. Rearead thus ,
) page ‘and study the igformation until you undfhland why the answet"llsted in yeur -
Study Guide‘is the best reSponse -or solutlon to t‘h’esquestron Do NOT RETURN
. THIS ASSIGNMENT FGR GRADING P -
If, after tollowmg these‘steps ou st|ll are ynable to understand a questlon or -,
‘find the approprlate solution to a pr blem complete one~6f the Studen “Assistance .
ms provided in’ your course package at;d mail it to the Man naggr of &tudent Ser- s
vubes Please, BE CERTAIN TOPROVIDE ALL OF THE INFOR TiON’RE;Q,UIRED
.ON THE FORM, so- that? may be g|ven appropruate assustance e Gl
'

P A ] \ \e. . ’ ¢
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- Unit'.'~Examinati6n' e -4 . SIS PO "( .
< After yay>have satisfactorily é;m\.plet%d severgf.Probres§ Reviews. .ah’d%‘iive'
. hece_séa'r)ffreadiﬁg and review, of the tex matétial, you will be asked to complete-a
~“Unit Examination. The ansyers to the e®aminations.are not included Wi your Study’
G,u/de..Alsb,;m , ﬁ'odldno!"rg_fér to your textbook to find the answers toguestigas -
h._-‘ln)th’e Unijt E«arﬁmhbﬁqq. Remempe_'r, these tests afe part of yourﬁﬁstrucgnpa#pro- "
. g(afrj.-Theyfa‘re,;designé'q»to provide your instructor with some information’ regar-:
 ding your progress. This means &t evaluation vill assist your teagher.in provifling .
,. -additionat_instryction ang,.assistance to h;e,_lp-‘i,'mpupy_é» yoursedu atl‘ona_ﬂ‘.‘growgh. 2
~Yourunit examinatjon paper MUST BE REFURNED for-'re\a@/ lay erlrLs;t'f'u‘ct.or. -
. - DR | e, . B oY

P
Kag VRN Tl e .
. . ’. X b - . R T
X . < A - A

> vou‘r Stwy SCthUIe“'. - .'.,.,' - . '\:,,] ) \ . (::_‘I_____\ﬁ ,- R
1. Y'ou,fgourse, is divided:into four unifs.of.étudy. As a rule @& thumk, you shotitd

tudénts m plete-the courge'in‘lgss ;’imé;and‘a'ff‘ew_é"t_ydehts‘m'a:yvneed more
..time because otwrustal.work schedules or perspnai respefisibilities. This is.one.
of.{e real advantages.ofhome stidy-~THE STUDENT CAN SET 8 OWN WORK™ -
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PREVIEW OF UNITONE

T ‘ ) ‘ D .’ ,/

. ' L w7y

The first unit of thig'course consists of the first two. lesson of the textbook.
Lesson One, Sa/ar Healing and Cool/ng, explains the basic concepts, system com-

' ponents, system types\and economic considerations |nvolvedW|th Solar Energy.
As you progress through this lesson, you will be mtroduc*ed to the major com-
ponents which c\omprl e a system together with different types of systems You
wnII develop a senserof the advantages ‘and disadvantages of thése types of sys-.

, tems as they apply to varfous applications. Because of their newness, it is also im-
' portant that you gain -an awareness of the economrc |mpI|cat|ohs involved with
" _solar systems: they initial cost and their possrble Iong term etonomic payback. A

final consideration.in’this ihtroductory.lesson concerns climatological considera-
tions, 'a topic of importance to you since the cllmate for a glven area, has a direct
—e—&fect on the. cost of the system L S -

‘ Lesson TWA So/ar Radiatiqn, s written to rncrease your knowIedge of the
energy)source you plagsto utilize: the nature of.solar radiation and the composntlon
of solar ‘rays™Since, as one would expect, différent people measure the same item.
<.4n dufferept ways (arrd thjs.area of study is-no exceptlon) Thede differences of
measure‘will be explarned together with technuques to convert the measures into a’
known standard. This ability to understand measures_of radiation will help you
detérmine-and comprehend just how much solar eriergy can be expected to reach
. aﬂgwen spot.on earth over a'given period ofrtrme Once these data are covered, you. "

. will-learn how radiatipn varies in its concentration as seasons pass and weather

_ ¢onditions change How to take optlmum advantage of the rad|at|on rec'=|ved is

“min dlscussed . N
he |mportance of these first two lessons I|es in your ab|I|ty to understand the
rmpact of $ol grgy at this historical point in time together with the equipment
) and technomvallable to utilize'it. Late‘Iessons witl cover much of these
: data in greater detail. Mastery of this portion. of the course: quI enabIe you to pro jn-,
gress through later Iessons wrth greater assurance ’
As you continue through this course, kee'p in mind that the purpose of the
_léssons is to provide you with knowledge so you can develop an understanding
_ “about solar ‘heating systems. Therefore, do not just study to pass the
course—study to become a competent representatrve of the heating-and cooling
|ndust@ ‘ ,
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LESSONONE
Learmng Objectlves R

Lesson One, Solar Heatmg and Coo//ng, .explainsthe’ 'baslc concepts, structure
and ecanomic considerations involved with solar heatung and cooling. The lesson
is designed to bé*a comprehensive introduction which.wil} permit.an overall under-
standing, together wrth sbme msoght to the economic |mpl|catJons Jnvolved wuth
these 'systems. L , A _ ;;,'J-‘ 3o ) - :

-
] ﬂ

. To.fully and\effectlvely complete th|s overwew *you shoul tl’y to ach|eve the
follownn oals: ~_.~ - :
g g ~ ' . ,' " r‘

[‘l Name the major components of a.sofar’ heatlng and solar codfmg system

;2: Dlstlngulsh the dufferences between air and l|quld sy‘s(tems a '7- ii//)

Gl. ldeﬁtlfy the dlfferences wothln the component_groups

4 De5cr|be what type:of systems have practrcal vafue as opposed to systems
under development with posslble future promlse

PR

,'5- Explaln the dufference bet&een actlve and passuve solar- heatlng
- B. Descrlbe the baslc expectatlons of performance of dlfferent types of
systems. o

7. Recognlz.a the advantdges and d|sadvantages of the various types of com-

ponents wothln a system ‘

. ~ . AN

- 8. Identify and descrlbe the economic lmplications of solar heating and solar
cool|ng v R N

9. List all the‘items ‘lnvolved in costing a system v _ D

- 10. Name the clumatologlcal Characterlstlcs which are involved in s_izinga solar
, heatlng/solar cooling system -

’

11, Explaln how the ava|lab|l|ty and cost of conventlonal fuels will impact on
solar heating/solar cooling. " -

[GOTO YOUR TEXTBOOK STUDY LESSON 1]

8
-
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’ | Progress Review

Study Les\son One in your textbook before you attempt to complet'e.this review.
Please indicate Wwhether the foIlowmg statements are true or false by drawmg aciry{-
cle around T (to |nd|cate TRUE) or F (to |nd|cate FALSE) .

T ;, F vd_ 1. A solar_heatlng and/or cooI|ng system is any system which utilizes
solar energy as source of heat. :

» . . s, . .
f . s ~
]

-T F 2. A passive system usually has no movuhg parts and is not the major '

concern of the people taking this course. G
7 ' '
T. F 3. A concentrating solar collector best utilizes diffuse solar radiation

T F 4. The |nsulat|on beneath the absorber plate helps produce a qmeter ‘
' operatlng solar collector . '

< :

T F 5. Like flat plate collectors, ooncentrating collectors can’operate in an
- weather conditions so long as minimal light conditions exist.

T F 6. An R-10 insulation rating is more than adequate for the surfaces of |i- -
quid thermal storage unlts o

‘T F 7. Insulation materi“on the bottom of a b“water storage tank must-

, withstand a compression weight of 280 pounds per square foot.

I

—

T F- 8 Packlng andlor side waIl stress is not a problem ina pebble -bed he
storquud solar system. . :

1 a
‘T F 9. A good quality steel tank will not be subject to any problems durlrg
) the life of the system. . s

/ ‘v v,l..



T F. . 10. While a solar air systemr -2quires lower caoutal costs, mgre electric
energy.is-regsired durinz 1s life to move, the heat from the co!lector
to storage to use as cor vared to a Ilquld solar system

A Y . 4
T F.-11; Liquid solar systems have a long h|story of worklng well ahd the
' _critical cost is fow. .

L4
o A

: . +
T F - 12. A heat pump could be. conS|dered as an auxullary heat Supply in s0me

areas of the country. 5 . .
, 0 o ' ‘W 2o
-T+ F 13. Of the absorption refr;geratlon currently in use, the Lithium. Bromlde
I chlllers _appear to hold the most promise. . - .
> ‘ ' K 4

T F 14, Through the use of a Solar-Rankine-Cycle Engine, a device such as a
heat pump could become a solar related device even I‘n its cooling-
cycle. e :

e
-

T F ~15. The cost of conventional energy (gas orl etC ) should Ievel off WIthlf}
‘L * the next five years. :

T F 16 The amount of solar radiation available during the heating season is
' a major economrc consrderatlon for a solar’ heatlng system

T F 17. Currently, electricity is. the best fuel to buy in tenns of cost per
million Btu's throughout the country.

-, ,
Vs

i

T F 18. Property taxation’ rate and loan interest rate are just two of the items
’ ' wthh must be conS|dered when costing a solar heatrng system

T F 19 Except for minor dlfferences crtles alon~ the same Iatltude have
‘ equaI soIar Btu's avallable to them.

T F 20. Snow is not as_much of a consideration when planning a soIar
energy system for FIagstaff Arizona as for Boston, Massachusetts

10

- da




: . -1 . .
Fill in the. blanks wuth the word (or wordsg - hich most accurately com;/vletes the -
thought. . \ i

)

21 The two basuc types of solar energy Sy’-ums are called act|ve and_j_r___

. . L

| 22. A roof monitor, ‘a south facmg xymdov and a_ i ‘e /,' a/re all ex-
amples of passive, solar’ collectors. - . / 1 L

. » g
T . N (
. ~ Ae .

.24, The absorber plate |s Jsually __‘74—' in 'cplor/w |ch 'alds in
: e ___ the soLar adlatlon : t 3 '

25 Solar collectors tend to Iose heat through S

L e and/or :

.'l

F . @ ;
. 26. The Iayer of st|II air between the glaizand the absorber acts to reduce

. 2 - . . .
N\ 'Ioss" : ./ S
'1{ [ ' : - Sy j . EEN
. - \J . o v’ . - . “-
- 27. Because of the|r size, a|r thermat storage un|ts are normal y placed |nto the
building ___ constructlon . oo = e
. : - g ) . : . . .y B .5
28. Round pebbles ____ "to »in size aré ideal for a pebble-bed heat
storage unit. . - ] o s o / N
29.-1f.a horrzontal pebble bed heat storage uhit is'used, the height-of the unit must
" '+ notexcéed . S >,

-

_30. Wa_t‘er' heat storage units are subject to _ _ ,_’especiall,v at the

L




s - - . .
4 » .

r Co -+ . - . , S i ’ )
Coo3n, Two typ&&g/auxnhary electrlc heat in so1ar heatlng systems are —\
- \_or ‘ e ’orboth _ - )

Y v v.‘~ - \.. | . ) ‘_ o . .

— 0

32 For cooling residential buuldmg, solS ene[gy is Only directly useful in -

_(_74 methods.
] |

33. In terms of reajistic Jectmomtcs only the A ' system appears
}\ . to be practlcal for solar cooling, at least Into the early 193&

\ ) . . o . ‘ Kl ke

3 ' ‘ ¢ ¥

34 A heat— pump is %mech‘anlcal vaporcompressuon system consustung of a

5
T

.- - , 2 23 ;andan

. ¢ R ) ? e . .
35 A\rprototype solar heatinb system usfﬁ rcul?mg air, has been operatuonal

. '?.sinc‘e.19;5"/' with major problems and essentlatly no e ‘
. costs. , . . B
, .. - .. [Y /
( ) S '
36 Solar_heating should provide percent of the annual heatm
quurements to be practf&‘at and econdmlcal . . i 4
) o ..

[

37 Considerations that ‘may mfluean users toward solar heatmg are:

»

1. Incorporation of systems into

4 2. First costs versus ___ - i - RIS -
. 3. Ease of - ' ____and K . A
4 __"_ and reliability.

’ ‘ S




R phrase ' f .
._)

-« d.,boiler. >

;“.'_ . . N . Coe
. h
=

-

* ‘inthe followmg multiple choice que‘stlons choose the phrase wh|ch most correct

‘ly completes the statement and ctrcle the coyespon g Ietter in front of the

n

38 Whuch rter)ra is NOT a oomponent of an all-air sd’ar heatlng/solar goolmg

_System? N - , - 4 .
. At N - - :

» heating/cooling dlstrlbutlon systFm .
solar collector. . .

; \ . . : ,
g €. ~,gool|’ngﬂun|t, : : *. o,

- .f.o thermat“storage unit\' e -

I. NG

39 of the coolmg systems Ilstéad b Iow,’tndxcate Wthh is Turrently. avarlable for

residential solar cooling. - * S

/z T . . ) l ~-"/ )
¢ Evaporaf;ve Copjm'g Through Rock Bed © T '\ (
b Mun®T's Environmental (,ontrol ~ ' I , &
- Thiethylene Glycol Open Cyble Dlsceccant System N

d Radlatlve Coo‘hng

£

auxiliagy furnace. - - NS o

- : ¥t o,
.

40. Based on th'é factors presented in th|s urtlt it is essentlal that soIar

heatlng/solar cooling systems provude the uQEr wrth\’

a._.comfort and safety. L - .
maximum return for dollar mvested : , -

Y good looking extélor to the bul’ldrng. ' '

d - snob appeal : o

. / ‘ N . ) . ‘.. . ¢

Compare yqur answ wrth those gjven in thé -answer key in the back of th|s Study
Guide. If you hay any questlo\n"reg.ardln the correct response to a revrew item,

refer to your tbook for clarlflcatlon 5 Study Hint No gy~

\‘.v

\

DO NOT RETURN THIS REVIEW QUIZ FOR GRADING

A

Y.



. LESSON Two
| Learmng Objectlves Sy

Lesson | .ar Rad/auon expla}m ‘what thvs course is a boi]t--the use Qf i
- solar energ. .nich: reac\ﬁes earth for heating and coolmgrfn hig leSsgn, you wu.“
discover the » ay energy given off b)x‘pa.sun is altered bef it reachep the pafth,
+ -and how the energl/ that does reach the earth can be best utilized. Thus, your o
Jectwe will Qe to recognizZe the factors which affect the avallablllty of solar radi

tu;n at® the "tarth’ 4 sdrface. « N ‘ S T , 9
KN i .t ‘e
fu‘l and effeg’mely completé this Iesson you should try to ai:hl
follpwing goals PRBREEN ‘
= -4 « \:‘ .

1f . Recogmze ‘thosé conditiogs—for -exaniptegacfouds, dust,.and other at;
‘mosphetic pollutants; sh?dlﬁ'g from trees ildings; fﬁd collectdrorl nta- -,
tion and\t'lt —uthigh affect solar energy reaching, he coﬂlecto\ ; ;
. ~ .
. B M )“ /
vo2, Dgscnbe the differences betwgen dlreét and dlffuse!/dxatlon .\
. . L~ 'en) C

e

3. ReCanlze the 53 ious units-of measure used to’ report solar radlatlon
4. Convért solar ‘lataon from one unit of ' measure to anofher using standard *
cor ion facto1's i S

! »

M - . . C . + . - . P i
5. Dert .mr?t '“e.a,méynt of solar radiation available for a given period ¢ time, -
. ¢ - S ) S

'6. - Des. pe the effect of seasonal variations..

7. .Recognize the .1mp0'rtan§é of hdur‘ly va‘r_ia_t'ion‘é. . . “E )

‘Learn and’?oca/‘te sources’of so"Jar'data;_ R ‘
- Select the data n‘eeded for planning a solar syst:"em' : ‘ o
' 10.- Blend the nrnormatuor learned in.lessons I\and Il into a smg’lular umt of,

'knowledge .

‘GO TC YOUR TEXTBOOK STUDY LESSON TWo

’ ’ A ’ Py - T e . S n .
, 14 RS . - Lo -




'~.4' - -M :- ﬁ
LESSON TWO ~ .~
P prgress Rewew R

T S TR S A
! \

.

St);dy Lesson Two m your textbook before; ,you attempt td com ate this review - ‘

Q A}

. ) -
2 Please lndrcxt;ihetner the following sﬁ!tements are true of false Jy'drawmg acir- \.l“:

cle arm.\nd T indi ate\Taug) or rndrc&te FALSE) L . ‘g;.
_ T F_ .-The su=~’s energy @n be—ednverted om électfgomagnetlc wave%/
T heat. '

A4 b . - » ;

. _ , ., e -, g
T F 2; The su:~Ls approximately 93 million iles from earth. . - <
, e G : '
Ts . F 3. he earth S |nhab|tants are not ali that mterestedrrn soiar energy oo
et 2 Loy d .. ¢
‘T F . 4 ’Infrarg radlatlon waves are\l%ng LT \ ' T g
“ k4 o B .
o ~ ‘ . \ . e
°T «F . 5.-The su produces the greatest amount of enerqy in the visible range :

: | \ L
T.  F 6. A solar collector absorbs radiation from twaq of the three r.(adlatlon v
regions of interest to this zourse. K& ‘

The upper atmosphere clouds and dué’all t:ontnbute to scatterlng

T F 7.
solar radiation. . . _
T F ) 8. Sol energy ona horuzontal surface wull show month to mor** varia-
: tuon ot —= : '

T F 9 Solarrays must passthrou nala%g\&rthlcknees pf atmosphe- nlnthe -

NG ) “early morning.
. ~

SN

F 10.'The exposure of solar energy on v=rtiéal sUtfaces is the same as th&j
exposure on horizontal surfaces. — = - .

N

T F 11 0f greatest use is knowfnc the-ex 3ected monthly raduatuon on a sur-
face during the period of ‘ne heaung season




. . : Q

’\ J" T S _ . . :
- \ 8- T 1
\-’ FlTI“fn the blanks wrth the word (or words) wh}:ch mosf"a'ccurately comolete= ’he
thought -..\ B : N ¥
. A
12 “Itis t—oﬁe sunhghtL l\at,waSJecelved in pasgages that w@we the existence of
. ey C &
\?‘.our . fuels. | , . }
s / M ~ - o a ,
[ %Y ‘l . e —Aa ‘ _
13 The‘thr?e ty es of sola; rays whtlchpare of |nterest to ttyls ccurse are
: an &N S " and ‘ - Y
f: ‘@' \ X ‘ s \ ( ~T 4
14 The abbrey atlon of)tBrltlsh Thermal Umts peisquare ot rs - V
; 9’ f v - " .
. S . %C — : .
i ¢ PR SN

”‘15 To convea\i_angle)?g lntQ Btu/f .( Wtipyby . 7 .

e ) IR e e e L8
1 H i \"Q‘ ‘.‘: "' Jr‘ 4 g 2 v * ' . | ’
. 16. UV |e the abbrevllatlorkag}t — : N - : : "
T e N e
17, Infrarkd is abb%sviated S - .o, T
. . '- - /... ) Sy :_ \ . . . . e «
. 0 .. "v.\_:' y. . ‘.‘ : . . . t A ¥ . . . \R \-
_18. Materials -withh a temperature below 800°F emit only __ _ )
radiation. . . ‘ S /

19, In theawxnte'r', the sun is * in the sky than I; the su’mmer and -2

resultant angfe _ the amount of 'adlatlon |ntercepted onaflats.

-
P

face. . » . o
- R . ) K : 'Y .
' : S ' LI
2(;. The amount of energy inierceptec‘ by a -horizontal * surface .is mucn -

as the‘angle (heignt) cf the sur increases.

’ L3

s

21 Generally speaklng, the angle of the sun zzove the or:zoh_at noon is =20t
in the wintef and . :n the sur-mer for latitudes “ear

3

40°N.

I
“n




\ A \%? DA A

. L v “ ' - - S
.22 The .greatest intendity. of solar raduatuort.teccurs ‘durrng the . t 6
- : g L - ~
hours. s~ i\ U e . “a
& .

- ‘ -_—'7 . . - o . K /. E . | M
. \ i h - ) , ] - _
’ . . ‘}D . v . . ’ ‘

23. Nor&h wall expo'sure tordlrect solar radiattpn s not;fmpoctant to people«living‘Q'"~
r3 N

) ~ . 9 4 } s L Y

i . ) - oA . g
‘thea.ﬂ -~ hemlspherp . N )\J , ,‘-; N .
j ' . \_ # ] L. - ., o " - ¢
SN I T " A S
24.,In the northern’hémisphere, the solar collector is aimed __ . .
‘ . ' o o ¢ L. .,
8 -~ . ! ) .“‘ ’ ) 13 hd '3 ’ . ‘.
25 As‘g general rale, a sp Jﬁ' colleCtor uédd for heating.pnly should’f’fave a¥iit
equal to the - v - plus. . dbgrees.” |

- .i. é O ’ ° \ ¢ ) j . EEPIN N .
\26 A solar cbfleotor cag bg orlenk ‘ egst or w
o wtthout any serlouseeffeet on its collectl g ablllty ' : . . '

N, - ) \ . P . _,
- . ) N . P o < . LS } o - ﬂt V,__/;
R .' e P s '

the time of peak c_ollectioh by - . hour. IR

-
A

“In the followung multiple choice questrons choose the phrase which most correct/y
completes the statement and circle the correspondlng letfer |rt>front of the phrase. -

-

28. The earth offers the sun what quallty of target to absorb its radlatlon’>
. u\ . .
« a. Very good : _', -, . , .
' bAverage ' . . . o ST
o " Very small B - : ’ » :
~_— d. -None of the above

9. If the,amount of solar radiation.received by.the earth were reduc,e‘d,

a. nothlng would happen " . L

b.. the earth would freeze. - . oL T

c. the earth would boil. S ‘ _ Y ) BT
. : ’ N .- ! .
- ‘ /e

S 17 ¢
'3
- 24 ~




- . .. '.'../ ~.,“"’.‘ ' \‘{i""‘\‘.v"-.- . 'wl

g’ 30 &ye surface tempera(ure of the sun lfapprqx-umately\f ’g S e
. . . PR

. . N . s - : ®
- ) a.a 5 000& / ’ 4y . ‘r‘;[ < -, " .:F_. ow
. b. 10,000°F N Ty ) - G T
»  c 15000°F -7 e B
d. 20,000 R . 4 v ~- T :
. . . A - \\4 '.s o LN -
- 31 Langleylmln is the, “abbrewatlon for 7/? T S ( )
o [ AR A ‘\
T+ a. ¢ Ionés per square centlmeter = I &-( .
' b. the 47'second"minute named aftér Carl- Langley NS S
-y c. calories per square pntnmeter per mmupe — B AN KON
K od bothaandc , . &[ - /, R
rﬁ J . Y " v \h o . ¢ ? -
32 . Thosorar cori$tant |s,gqual to - Y S ~ y
Ve « : N NP ¢
> a. 1976Langley s/mln \"7 A o ‘.“) \Q s
© 4,5 428.7 Btu/(ftZ hy~". f - o e N Ty
- sc. bothfaand b S B * o -
d \r:o(r}/e\of the abave e o \ : '_ s
33 V\ﬁ1en someb"ne says that an air condltloner is rated at one ton they?nean

" a the unit will produce the same Btu s of coollng as meltlng one ton.of
.ice in one day.

" b. the air conditioner weighs one tor. . ' LT s

T. .the unit will .cool one ton of anythlng for a'day . . .

L™ M 2

34 To tltt the solar-collector so that itis per/endlcular to the sun’'s rays is |

T a advantageoUs ) .

b. expensive. ~ * —~ ) B
c.* a waste of time.” \ LT . ; f
d. all of the above. ’ _ :

‘Compare . your answers With' those glven in the answer.key in the back of thls
Study Guide. If you have any.question regarding the correct response to a review
_item, refer to yoqr textbook for clarification. (See _Study Hlnt No. 9.) o

‘| DO NOT RETURN THIS REVIEW. QUIZ FOR GRADING |
D o . LaE : Vs
.'\\ - , ) 13 7
— ' 7o ’




. .o <L S N
_— . R LY e ‘_ ' : .. . 12 .
. Remove this Exam_. - S .o : :
_ from your Studthiqe B 'Scor‘; L . ' B ‘\
T ‘ ‘ v Grade . -
.t (/ s}' el Ins}rUc?or LA Lf-" e T
4 . . : g% N
,‘ LA g Date E/
) e 6’6 NOT wmrew\rms SPAC
n o &. » w\' .

undamentals of SOIar Heatlng

i&* UNITO EXAMINATION LA
RERS L

Ch

Studentsb}a%} _j' --9 L

- g T

. , . e 7 AN » toe '

CFddress ., . 4L G, /’/State,___,_ZIp7— -
Fd . AP TR W M

,-Please Lpdlcate.whettter the tollo%g statements are"'true orq’als,e by drawung a’ o
curcle aroUnd TLo indicate T‘RUE) or F (to indicate FALSE) :

‘I: ,. Foos1. The' two basic types of solar energy systemg are called actiVe,and
v passive. .. - v . .

..
.. 3

[

T F 2. The two basic types.of solar collectors heat metal.or l-iquio.b

.

T F ' 3 The at)sorber plate is usually silver in color which aids in refl'e ting

e the difuse solar radiation.

T F 4 Solar collectors tend to lose heat thrhgh leaks a hlgh R factor, and

. convection.: ' L : v o

T F 5. Because of their size, air thetrzlal storage units are normallyblaced

_» into the burldlng afterBonstructlon e o E -

T"c.,.,%F "~ 6. For cooling resudentlal bulldmgs solar ene gy is only d|rectly useful

S in cooling methods using refrlgeratlon cyc s.

. n .

T F 7 A prototype solar: heatlng system, u3|ng ci latihg air, has beert
: operated -since 1937 with no major problems
malntenance costs. ’
(\:’

R oy _".' . T

T s e AT




. .- Lo f -
’ - ~ * . . _' 4 .

8. Solar heating should provlde 50-80 percent of t
e quirements to, the practical and economlcal

-

R I =
"annual heating re- -
Sise o »

Ay

9. ltisto the sunlight (sola? energy) that was rece|ved in

e 'past ages o
.that we owe the e)ustence of Our atokic fuels. - b :

T F 0. Monvgrt Langleys into Btu/ft2 multlp by §21
T, . F .11.-Maferials wuth a temperature below 800 F e' Iy Infrared radia-
W h ) thl’] o _ 2 ) R ¢ - ’ ’ v

v
LY

T °F - 12 Radlatlon is terfned direct radiation |frphas not been scattered by e

- - Y

=7 clouds and. dust and diffuse |f ithas. = . ’ o
‘T F. 3. The sun’s posutlon in our sky varies becaﬁse as the earth’ follows its. » ¢
' .orbut thetultoftherearth s axis changes oyrrelatlonship with the Sun

T F 14 The gre estlntenstty ofsolar radlatlon occurs durlngthe early morn-
A »mg hours when the alr |s.clea_,er D T Lo “v

T F. 15. Asageneral rule asoLarcollector usedforheatlngonlyshourd havea ‘
‘ tilt equal to flftéen degrees plus latitude.. . . o

’ r o

T ' F 16 The opt|mumt|It ofacollectoroccurswhentheangleofthecollector

e -is alw\ays the same as the |ncom|ng rad|at|on . . S "4
Full in the bfank(s) wuth the word(or words) wh|ch most accurateLy completes the Doy
thought R L . . J
17 A passye system usually has ' movung parts and [S not the -
"___ of the peoplfaklng this c0urse . E " e
18. A concentrating_ solar,gcollector'be‘st uﬁiizes __' solar radiation. :

L

- . /J . .
1? A chuef dlsadvantage to the use of concentrat|ng collq!ors involve the ex-

" .. pense neggssary to___- . _“on the _____,1hroughout the day -
< E ’ o \ ’ - . . - .
g i N . ~
“ 20



20.

21.
22.

23.

. 24. .
25
26.
27.

28.

.energy Is required during its life.to move the

'Of the absorpt|on refrigeration curréntly in use, the

‘Seattle, Washington.. . '

~ ferent typgs of radtatrop but in this course only
and ____.  aré of interest. '

While a solar air system requires - capital costs
“‘ .. \ )
A _ from the

collector, to storage for use than for a liquid system : T
. . . ~ Y '

-

‘Which gives off the greatest guahtity of heat: A—a gallon ‘of water cooled _
from 210° to-188°F, or B—a dallon of water cooled from 48° to 18°F? i~ -

..’n . B

A.m_,

chrllers appear to hold-the most promlse

'
- L

Through thé use of a solar - “ - englne a dvrce such as a

heat’ pump could become.a solar related devrce, |’n 3\[’1 coo||ng and heat|ng

modes. ’

. -
Y

It is, essentlal that the solar heatlng/solar coolmg system provu the max-'

'imum possrble retur\yor the dollar |r3vested ‘based on savmgs over the

and i ofconventional heat|ng systems

~ ) o

Boston, Massac‘husett_s-.receives 5" . . . precipitation per year than

]

Thestorage of i mexpensrve §5 fuels make it'imperative to design ef-

. f|Ctent solar heatmg systems ’ /

O } ;

Beside radiant (solar) energy, three other forms of-energy ’usef,ulitopeo_ple,are:°

e

and

’
..

The electromagnetlc spectrum of the sun 's rays: deprcts __ dif-.

P . -

‘-: . oL ‘ 28‘



z)

. 29.,: The instrument used to-measure solar e,nergy is called a_~
"30. ‘British Thermal Units per square foot 'is‘exoress_ed in abbreviated form as
31. To convert Langleys into Br|t|sh Thermal Unlts per square foot multiply
Langleys by - :
_ 32 UV means ) i | and is . wave I'erigth radiation.
] ) ; . |
. :‘33.', thh th'eouter space value of solar energy equalling 100 percent,
percent is the normal maximum reaching the earth. '
- . L v . L L3 ¢
.34, The cooling capacity of onetonof iceis ___ Btu/h.
35, - energy would be |ntercepted if the collector were to track the
sun across the sky L - -
36. The generally accepted tilt of a heating only collector is latitude plus
degrees:. ‘ .
37. Maximum solar intensity occurs at noon whenthe sunisdue ___—_in
© this hemisphere. '~ « o '
38. . ‘Atmosphere, vegetation, end physical barriers caq’se the potentially useful

.
v
LA

solar energy to from location to location, month to month, day to
day, and hour to hour. T : . S '

In the followmg multlple choice questions, choose the phrase which most cor-
_rectly completes the statement and circle the corresponding letter in front of the

hrase v :
D ) s &

®

22
29



»

39. The surface temperature of the sun ts approxumately : . ) '

v a.  5000°F.. .
b. 10,000°F. . ‘
" rc. 15,000°F.
d. 30,000°F.

" 40 Langley/mln is the abbreviation for . V\ '

a. calorles per square centimeter. |
.~ b. calories per square centimeter per minute.
. c. _calories per cubic centimeter per. Laigley minute.

41. The solar constant is equal to . * ' ‘

1.940 Langley’s/min. .
428.7- Btu/(ft2 h).
.all of the above.
none of the above.

ca

aoow

. - .- _ N : . ,
42. Which item is not a component of an all-air sojar heating/s,olar cooling system?

a. Auxiliary furnace
b. Heating/cooling distribution sys}
c. Solar collector
- d. Boiler K
: e. Cooling unit
f.

Thermal storage un|t .

43, Based on the factors presented in this un|t it is essent|al that solar
heatlng/solar cooling systems provude the user W|th

" a, comfort and safety. »

& ‘maximym return for dollar invested: _ ) :

C. agood looking unit. . S N Ty

d. snpob appeal. ’ N S IR T

2

L " [Be sure your name and address
' is on your exantbefore mailing!




PREVIEW OF - UNIT TWO

Un|t One ldentlfled the active solar heating system “and |ts components and
some of the economic problems related to installing such a system to. heat a
building. Factors related to solar radiation by direct or diffuse’ sunlight were' con-
- sidered, as was the heat load demand for understandlng the function and place-

ment of componentsr

Unit Two provides the. learner with the nomenclature of solar heating.-Many of
the products used and the procedures employed are common knowledge to people
who understand the electrical, plumbing, and fluid (air or water) handling systems
of traditional heating practices. However, there are some components that are uni-
que to solar assisted heating and they will be explalned in considerable detail.

N

b

Keep in mind that solar radiation cannot replace 100% of the annual heat demand, *

although it-may become the pr|mary heat source wuth traditional heatlng equip-
ment havung an auxiliary functlon to ‘perform.
3 C

The collector, which comes in contact with solar radiation, is the topic for
‘Lesson Three Explanations are given of (1) various type of collectors, (2) how col-

‘lectors are designed and manufactured, and (3) how collectors transfer the-solar -

radiation into hot air or.liquid. : - . .

Then in Lesson Four, the methods of stormg heat for use dur|ng the night or

per|ods of low insolation, are discussed. Some advantages and disadvantages of -
‘alternative systems are’explained. An introduction to the problems of designing an -
adequately sized system (to be studled in greater depthin Lesson SIX) is provuded :

Lesson Fuve presents the various con!ro/ dewces and specra/ty items that are-

needed to assemble the heating system. Air systems use. blowers arkd dampers,

while llquld systems utilige centtifugal pumps and valves to move heat throughout ..

the system. Some of the parts are electrically operated which allows the heating

system to operate automatically. Other components (specialty items) are manually -

controlIed anqrused to, elther balance or ma|nta|n the system

. Lean;n ng the names and functions f these components wull ‘be helpful when
-,studymg the suzmg proc,édures/and op%ratlon of sdlar s[yswms in; Unit Three -,




’* 4 '. f - S
‘- . 'LESSON THREE

‘Learning Objectives ~ ,

Lesson Three is a sfudy of the solar collector, commonly referred to as the
“heart” of the solar assisted heating system. Regardless of the fluid (air or liquid)
_which will be moved through the cdllector, the functions are the same; namely to -
‘Collect solar radiation and convert it to heat energy.“This lesson deals with the con- ¥
‘cepts of the function and deélgn but not specifications, that a manufacturer '
would use for a given collector Therefore, after studying this Iesson you should b-
be able to: -

1. Explaln the dlfferences between flat plate and concentratlng collectors.

2. Identlfy the dlfferenCes in how a|r and I|qu1d collectors are desugned
(.
3. Descrlbe the operatlng pruncuples of various: components in the collector.

[

4. _Recognlze different absorber plate desugn_s and method of manufact_ure.

GO TO YOUR TEXTBOOK STUDY.LESSON THREE |




LESSON THREE

- Progress Review\ ,

Study Lesson Three in your textbook before you attempt to complete this review.
Please indicate whether the following statements are true or false by drawung acir-

-cle around T (to |nd|cate TRUE) or F (to |nd|cate FALSE) PR 4
T ‘ F 1. Concentratlng collectors “funnel” the,heat to the a‘bsorber. '
T. F 2 Concentrating collectors pivot'during the‘day.'

-.T - F 3. Flat plate;collectorscan be placced o'n'anyside of the roof.

| T F 4 Diffuse radiation |s unimportant to solar\heatin.g.

. T F ) 5. Flat plate collegtors are‘more pOpular than concen‘tra'ting,coll\ectors.

: " . -
T F 6. Fiat plate collectors are most efficient at noon. * |

T F 7. Heat energy is the result of solar insolation.

T F . 8. Most radiation that strikes the cover is absorbed by the glass

T- F. o9 “Long wave conversuon” réduces rerad|at|on losses through glass
- covers. . / : .

) : '

- T F 10 Plastic is a better m'aterial-than glass for coverplates.

T F 11, The average annual outdoor temperature may determine’ the number
' of cover plates needed on a collector

T, Fo12 Any kind of glass is as,g/d as another for\cover plates .
T F 13: Most efficient collectors have a vacuum belween plates.
T F -14. Black paint "isinot appl.ied'to aluminum absorber surfaces. -

Absorber plates have absorptivities of 60% or less

o

T .F 15

. T F 16. quuld collectors are larger. than a|r collectors because of the space
. needed for piping.

e 27 -
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. ‘]’ P L. 1
Fluid travels upward in all typbs of llquid collectors

T o 17
18. A 30 psi system is classufled as a low.pressure system .
' T " 19. Fluid tubes are always attached to the top surface of the absorber
: plate :
T 20. Antifreéze can be used in llquld solar collectors as in automoblle
" raduators to avoud freeze up. : .
T - 21. .Electrolysls is more apt to occur in an air system. '
T ' - 22. Polyurethane foam is the onlyinsulating material for collectors.
T 23. Slnce wood rots, qollector frames should be made only of metal
T 24. Alrgsthrough a collector array travels from the top of the roof toward
, . the eave. ) . .
. ~ \ . v L0
T 25. Collectors do not need to be attached flat against the roof.
T F .26 Outdoor temperature can affect collector effrcier_lcy.‘ \
T F D7. A high temperature at:the collector ihlet’tﬁill reduce collector efficiency.
-T F\ ’8 Data for collecctor effucuency are collected at or near noon.
Fillin tl{e blanks wuth the word (or words) which most accurately completes the
thought : ]
29.” Two hasic types of collectors are __ . and
. A , - . . )
30. Thetwo transfer systems cont/ain _ m g ' and L
. s . L
31. The parts of a solar collector are: . I C B
1. _ ~ 4. — 4
2. : : 5. '\"/ —
3. g l '

N

4

WV
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L d

the follcwing mUItiple choice q'uestiohs, choose the phrase which mogst cor-

rectly completes thg statement and circle the corre’sponding\ letter in front of the
phrase ' ' . S
Coe - :
32. Ligu flow rates through collectors are es’?ablushed near which number of
: gallons perfninute? :
a. .01gpm/ qft ' . .
b. .02 sqft | : s '
c. .003 gpmi/sq ft - S o
d. .004.gpmisq ft N ) z;{
33. 'Flow rates through air collectors are estqblushed near which number of cubic
feet per mlnute :
/ v . N
a. 12/cfmisq ft a0 . 4
b. 9cfmisqft ' P
c* 6cfm/sqft - : /\
d. 3cfm/sq ft - . e
34. The average.absorber plate temperature i§‘4ypical~ly.
», .- ' ‘ .r‘_;{,;
“ta. 100°F. -
~b. 150°F« - R .
c. 200°F. [/ o
‘d. 250°F. . ... - :
~35. Heat energy that is visible is above o
a.  200°F. - |
b. 500°F. - - ' - , oo
c. 800°F. Lo, : - :
d. 1000°F. : - R R
‘ A . S, “ \ o * :
36. The “blackbody” refers to the ’ o .
. : R : ' . . -‘ "
.a. collector frame. ‘
b. %bsorb.er_plate. , e
c.. insulation. o g ! :
~d. none of.the above. -

o
.



w

37. The inain disa,dvanta‘ge of plaétk: covers is‘ ;1)0'[, .

Loe T | | 3
‘a. heat transmission. : ‘ : B
b. sheet stability. - ‘ : o .
c. sealing qualltues T Lo , S |
d. light transmussnon - . _ /\
38. VarloCs manufa turers of air system collectors usé _ _ © ’ to
increase condu tivity. - - . v \ -
a. lnSulatlon o SR //l :
b. Slow speed blowers ' \ : o
c. Polished ductuwork - L - ' )

d. ' Fins o - S

39, Sketch' the flbe patterns m the rectangle represent'ing three collector

designs. | c : . . . \

¥ K]

°

Serpentine - _ " Grid, dlrect ' - ~ Grid, reverse

Compare yom.rr answers Wlth those given_in the answer key i back of this
-Study Guide. If you have any- questlon regarding the correct/r'edgo e to a review

item, refer to your textbook for clanﬁca.tuSn (See Study Hint .9) CT -
<t [po NOT\-RETURN THIS REVIEW ‘amz FOR GRADING |~
; | oS ' -
N A < ‘ /lJI".' (i ‘
v 7 . )




LESSONFOUR = . -
) . o

'_" | Learmng Objectl es

Lesson Fourig a study of the heat storage un|t of a solar assisted’ heatung sys-
tem. Regardlessrof the fluld (air or liquid) which will be used as the heat transfer
medium, the fuhctions are the same; to store heat for circulation at night or during - -
times of low solar insolation. This lesson deals with the concepts pf the.fupction
and design but not specifications that a manufacturer or contractor would use for |
agiven heat storage unit. Therefore after studylng thls Iesson you should ba\’able
to: . -

N

1. Ident'ify what materiaris used f.or heat transfer mediums.

2. E*plain the‘cont\:epts of srzrng a heat storage unit, - .
3. Solve problems of Storage unit sizing. |
4. ‘DISCUSS where storage units’ can be placed

5. List factors that affect the advantages and d|sadvantages of drfferent kinds -

w

‘of heat storage units. o . o
. f‘ 3 N 4 "

6. ldenti y‘ﬁédvantages'and drSadvantages of various heat storage practuces )

’

' 7‘ Descrife-the. materlals used in manufacture and lp installation practrces for
heat st rage un|ts oo .
: i

GO TO YOUR TEXTBOOK STUDY LESSON'FOUR_
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| | LESSON F”R
Pr"ogress Review

/ Study Lesson Four in your textbook before you attempt to complete this revrew

Ple |nd|cate whether the following statements are true or false by drawunga cir-
~._ cle around T (to |nd|catg TRUE) or F (to |nd|cate FALSE). | C -
T . s 1 All substances can absorb or give off heét o ',

)T .Fv' 2. There is approxumately six hours dlfference between typ|cal wunter
’ -and summer solar exposure. . \(

T' F 3. Rock requires jess storage space because it is harder.

T «F 4 Water and air are the only substances used for heatstorage :
T ' F 5. Toretaina comparable amount of heat energy, wax req.u_ures alarger

K _ heat storage tan?than water.

7 :
T F  6.Phase change storage ‘systems are not presently used as much as
. . sensrble heat storage systems o oo
, ~ . : ’ -8,
T F 7. The best place to iQcate a heat storage un|t i§ outsude the bulldlng
A because it would.g take up llvmg space

"T F 8 An attic’is. an |deal loeatlon for a heat storage unit. . .

T F 9. The only problem with placung a storage unit above gro‘und and out-
’ .side is |ts poor appearance . .

T F 10 A storage un|t can be “too large" for a g|ven system. .

T .F 11.To warm a space evenly requlres a heat storage un|t

,{._ . . 5 \,h 5. i ( e .- .

CFLLF L12.A reasonabre dapacuty fora llquld storage tank is- up to two gallons of *
‘ water per square foot of collector surface :

- \’\

T F  13. Heat storage system sizes are calculated accordlng/to the coldest
L, possuble temperature in a given locality. .

-+ T - F 14. One way to account for heat from |nterna$ources when calculating’

daily heat demand is to lower the estimatd inside temperature 5°F.

03 - ‘ .

23
- '&J‘ ;




. R
4

R F 15 A heat storage anit should be adequate for an overnught supply of

energy —_— S .
T F - 16. A'heat" storage/eollector system cannot be economlcally suzed to
v, supply a 100% annual heat load.

' F 17 The tiquid _st"orag‘e tank must be heavily'ins_ulated. :
F  18. Watertight connections are easy to make for concrete tan_ks; : K

-

F 19 Almost any fiberglass tank will be satisfactory to store heated water.

N -4 -4 4

F 20 Several small tanks may be as practical as one Iarge tank for Ilduld .
' storage A R .

T F, 21 A storage unit that provides 50% of the heat demand is about the")
a -maximum suze that can be built economlcally R

Fill in the blanks with the word (or ords) ‘which most accurately completés the Z
thought. -~ /N , v o =

. _" . . B4 - Al .
. » . : . . a . L
3 . . ) . ~ “ " o . ¥

22. ' An alternative " to 'sensible heat storage is a?

) .—.. . -
S . . / P »
/ ’ i ) L. e Lo . T . - s

23, Changing one pound of ice.to steamrequites __________ Btu's. - '
- 24, Attic heat storage could be used for a _ ____ system-when '
heatmg L : ~— IR o L
25. Senslble ﬁeat storqge systems‘u5ually use __- } o . a,S'the. ”
N R stbrage matenal N Lo . IR O o
26. The size of the storage unit depends on the size of the . " andthe
- . . . ) \. N . .V -. . ‘1,
t ¢ N
3 a3 -




A

'v

‘27 tis madvusable to use an‘alumlnum collector wuthout protectuon because of -

corrosuon fdm - o . ‘ N
2.3 . The Ilqwd storage unlt that is the most expensnve to rnstall would probably be
made of 4 \' T o
. . S . c -\
- - ’ - i ) o . [ EEN N .
29. Pebbles for an air system 'stdrage unitare about s % in diameter. -
. ’ 2 » . . N
- 30. » Two types of-pebble ben)s are _a ~ _and -
. ‘ U ) . . . . ' . ' : AN
) ) . i . . E.

el

‘ -

. .
I_q,the followung multlple chouce questlons choose the phrase whlch most- cor-
réctly completes the statement and circle the’ correspondung letter in front of the

phrase

. o ) 'S o Cel ) - ;

3’7& The specific'heat of wathr is ' HE y
. one degree. - - s '
. one Btu. ' o .
...one Btu per pound. v

d. one Btu per pound per degree F rise,

:, 32: mghase change refers t?

. . ‘.
. . . u" v 1 .
oa Btu s of iasolation. * : ’ W M
) b heat of fusian. ‘ _ : v et
loss of Btu's. : : o0 . ‘ D
d ‘weather thanges. ‘ ‘ S DR e -
33. An advantaqe of phase\change materials is that they . ) '
" a.” absorb more heat than water. ) ’ S
b. rarely need to be replaced . '
-c. are inexpensive. o T ‘ L '
d. insulate easily. ) ) _ . R !
’ . . ‘Qr . - :3
- © Vi - . ‘ )



34." A “too small’ storage unit . . ‘ .
. . .a..increases collector efficiency. v
7 'b. reduces collector efficiency. )
"™ . c. saves money in construction. - ¢ : 5
‘ - d wastes little or no heat L e
, Y

35. A reasonable capacuty for. an air system storage unit is up to
) CUbIC feer of rock per square foot of collector surface

. B 4
a One. _ “
. b. Two . DI W -
" H\ .';m T . : ’ : i ~
- d. Ten" T L.

36.+ Thermal stratification in'a pebble bed means that

the temperature of the bed is const4nt.
“there are Layers of varyingtemperature.. .
. hot air is heavy. : '

dirt p{events heat ab50rb|ng

Qoo

A { "- < : ‘.
B. S ' // ,
C. _— B - ) . ' - T

1

38. Five disadvantages of storing liquids are that

A . N
B. - .
. , ] .
Ll N < "
C. L -
: ' -
. - :
E N ot s '
' N :
- -~
{ -
.‘ .‘
- P -~
1 .
° [N .
; 35




39., Sorrt’ead\'r’antages ofsthe hot/air storage system are that | “a
A. B . » e .

. B~ .

. Cc
) D.

L 40. - Disadvantages of air.stora'ge units are that 4
. N A‘_ . : . © ) .y;,_«:v . . ’

2

‘ . a . »_./\ -
B. _ B

-

' 41. Three materials commonly used to construct quUid storage units are
A i, ) - . .
. B. ' . ’~ » \ ’ : ,.
. - X . T
b N . ,
(Refer to SN}ACNA Standards for questlons 42— 44)

. | I B
42. The lowest likely t;emperature for 99% of the total winter hours i |n Fargo,
North Dakota is )

Y

~ 43. Cleveland, Ohio is I|kely to have a mlnlmum temperature of - _ _ dur
' ing 972 % of the winter hours .

44, T.he.%verage winter temperature in Wilmington North Carolina is

. Compare your answérs with those gigen in the answer key in the back of th|s .
Study Guide. If yod have any Auestion negardlng the correct response to a review
item, refer to your textbook for clarlflcatlon (See Study Hint No. 9) o

. - PR
A

‘DO NOT RETURN THI'SlREVIEW Quiz FOR GRADING




LESSON FIVE
| Learning Objectlves

:Lesson Flve is a study of’fhe various control/s and speCIa/ty /tems of a sotar,
‘assisted heating 'system. Blowers and dampers move and divert air in an air
system. Centrifugal pumps and valves move and divert liquids in a liquid system.
Many of these controls are electrically operated and, for the most part, are made- - -
up of components commonly used by electricians, plumbers and/or sheet metal
workers in-the heating- cooling industry. Therefore, after studying this lesson, you
,should be able to: .,

. # .
1. Discuss the operating principles of a centrifugal circulating pump.
2. Discuss mé operating prfngiples of an air circulating blower.

3. Describe how the heat eS(changer'funeyions. - o . SRS

.4, Identify the varioue.electricél control devices used in solar heating systems.

5. Explain the functions of varlous h,ydronlc specialtyitems used in the control-
- of air or I|quud in a solar assisted heating system:

! L ;
GO TO YOUR TéXTBOOK'STUDY LESSON FIVE.
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'LESSON FIVE
Progress Revrew

Study Lesson Flve in your textbook before you attempt to complete thrs review.

- Please indicate whether the following statements are true or false by drawing a cir-

cle around T (to mdlcate TRUE) or F (to indicate FALSE).

T F 1.

T F 2
T F ' 3
TOF 4
T F 5

. Prpmg creates little or no resrstance to liquid flow

The word fliid as used in these lessons refers to both'liquid and air.

Pump srzrng is not very critical to the solar heagng system.

’

. Pump capacity decreases as head pressure rncreases e

. Pump specrflcatlons cannot be established until’ flow resrstance is

calculated.

. Larger pumps are requrred in the drain-down system as compared to
a closed loop system of comparable size.

. Pumps rated at 150 psi are recommended for collector loops.
. One-speed pumps are as effective as two-speed pumps.

. Conventlonal furnace blowers may be |nstalled rn solar collector.

systems using air as the fluid.

2

Static pressure is the type of air pressure measured rn automoblle
tires.. v

. In low pressu‘}e systems, velocity pressure is most often used as a
, design standard for moving air.

. A system s‘f‘performance cannot be predlcted before it becomes

Operational.’

. A thermostat is an actuator. :

. A solenoid valve is an actuator.

38
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o '. . /'v . »
] .
T F 15. An outdoor thermostat is never used in conjunctlon with the collec-

. tor (fan) circulation system.

T F 16.'A differential thermostat measures temperature in more than one
place at the same t|me

T F 17. Some thermostats operate because of the dlfference in expansion of
" two metals.

. T F 18. A bellows{diaphragm sensor must be open to the air to allow qumds
¢ - to expand.

T F 19 A ﬁvlstor functions because of an internal change in electrical
" ‘resistance.- o

-

T . F 20 Corrosion will not effect the sens‘itivity of a thermistor.

.

T F  21. Thermistors are manufactured in various mountings.

T F 2_2.[A transformer may be designed, to either step- up or step down .
‘ _voltage. :

T F 23 ‘Collectorylo\ops must be filled manu'ally.'

Fill in the blanks wrth the word (or words) wh|ch most accurately completes the

‘ thought. N
. LI ,
24. The primary circuit connectsthe ___ to the *
. . ¢
25. Pump capacity is given in _- .. per
26. To prevent freeze-ups, liquid collector loops are protected by or

[
- t

27. The most common heat exchanger used- between ‘coliector and storage is

QA Lo

called the and

® 45




¢ _

’. N / ) . - : .> E ', . . )

-.28. Three types of pressures that apply to air movement are ____ - -
L ~ _and . . ' @ '

i : .
/ . T

29. -An air system should 'op‘:erate at a point where the _ and
curves intersect. ' ’ '

-

_'30._ The -two elements of a control system 'are the - ahd the

Y " “) . .
.31. The first stage of a two-stage thermostat caﬁs for h_eat'fror'n_ the . .

or

32." The second stage'of a t‘wo-stage thermostat calls for heat from the

v 33.+ Thermistors contain'a : 2 - " . _element.

*

34. The grease-like material to keep thermistors ffom losing sensitivity is called a

: _ v
. : i ‘ .
L . ’ . -

P e

35.. Electrically powered valves are called " valves.
3 : , -
. : . . R ‘ . :
-36. In an air system, an eléct,ricglﬁy powesed _ - functions like the

[y

in a liquid system.

37. A relay is a(n), __-__ r ik ~__switch.

-

38. The specialty item that keeps a closed liquid ‘syStem operating between

specific pressure limits is the
L - 4 AQ

-

-7



- 39.

40.

- 41,

42,

rec!/y completes the statement and circle the correspondlng letter in front of the .’

A _
B M . . 3

Valves that adjust flow nates through the collector _array are

valves.:

.

To reduce corrosion among dissimilar metal p|p|ng and components they are

|nstalled by using

unions.

A manual fill'system-includes a

The fan system curve, or balance point, can be changed by
: ° L B —

In the following multlple éhouce questlons choose the phrase which most cor-

(4

phrase.

43..

a

;._ ) . - - .o R
b . . .

‘Liduid moving pumps operate with a

s

a. reciprocating action. R

b. syphorung act|on

O

pulsatlng action.

centrifugal actlon.

41

T
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44..

45.

46.

‘One psi of pressure is equal to- N .
. a. 0.43 feet of water. v
b. 1.00 feed of water. . - S
c. 2.32feet of water. S %
d. 3.00 feet of water. L . e o -

The valve that allows fluid movement in only one direction is a’

r
r

a. check valve. - . - ;
b. pressure relief valve.

c. balance valve.

d. pfessme red'ucing valve. ) o

e, |

Complete the dra.wiing for a shell and tube heat exchanger.

J N o
T

o

A

Compare your answers with those given in the mey in theback of this
Study Guide. If you have any question regarding the correct response to a review

item, refer to your textbook for clarification. (See Study Hint % 9.).

. | DO NOT RETURN THIS REVIEW QUIZ FOR GRADING

=~

P
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" Remove, this exa‘m

from your Study Guide - ' B ‘ o .
. : B S ° " Scare : SR A
Z/ - p" . ‘ Grade SOV . '
o . . Instructor - .
} . Date L et '
E R "~ DO NOT WRITE IN THIS SPACE
) o o

S ,'vFundam'entaI.s of tSOIar’Heating'
e, UNIT TWO EXAMINATION

95 L o

Student sName .
Address ______.__City State Zip_

N 4

tatements are true or false by drawing a
indicate FALSE) ’

Please indicate whether the fbllownr';
circle around T (to indicatesTRUE)® or F(t

T F 1. Although spelled dufferently, insulation and insolation have the same
meaning. S o .

o

T *F ‘_‘ 2. The lens of a cogcentratmg collector must remann perpendlcular to
‘ the rays of the sun. : :

.o

T F 3. Flat plate collectors are equally efficient any time of the 'da'y.‘

T F 4. Operating temperatures are the same for all types of collectors.
T - - ’ ('3 ., . ) . 'y
T F 5. Aserpentine piping design is"Used in copcentrating collectors.
~T. .F 6. Air spaces between coVér plates are sealed from gach other.

-

- . 1 . X ' . . )
T F 7. About 95% of the heat that strikes an absorber plate passes into it.
\ 34 ! ' '

T F ‘8._ Fluid systems refer to either.air or liquid being‘used to transfer heat.

T F - 9 Anysize blower could be}used for the differently designed air collec-
tors. -




- [
N .
& .

T F 10. Liquld transfer tubes may only be suspended above or below ttqe ab
e sorber plate. . .

N . e . ' . o
“T F Y1. “Drain-down” 'ts'an alternative to using~a~ntifreeze in collector loop.

T F 12 Alumlnum is a’ good materlal for collector tublng because it can be

shaped easily. ) BN

T F. 13, Metal and fiberglass .may be used for coltector frames

>
v

T  F 14 The reason for need|ng a storage un|t is that solar’ heat is variable

. " and interruptable. - ‘ : ’1 L

0

- T F . 15' The higher the specific heat of a substance the better it wrll perform
to store heat energy. . .

T F 16. Water wnll hold about twuce as much as heat as“bck for the same
: volume : ,

~ T FE 17. Phase change storage can.be smaller than water storage for a given
Btu capacity. r

- F 18. Wax gives off Feat when it cools-and solidifies.

T
T F . 19. Phase change materials will never be pradtical. ,e |
| T F 20. A stora\ge unit cannot be constructed that |s considered “to'o;" large.
T F 21, ColLlelctor effucuency will be reduced by a storage unit which is tge
sma

/T £ 220 A solar heating system must h@%&tyfage unit.

T F 23 When estlmatrng maximum building heat loss, the average dally tem-
. Pperature is used. : . 4
: s _
T F  24. Rock will hold heat longer than wate'r.

T F 25 ftocks ina storafe unit must be washed peruodlcally |f not protected
? by filters. ) , . .

T F '26'. Stan'dard.fiberglass tank{have been ‘proven very servicable even
. when liquid temperatures approach the boiling point.

ek .. o

N 3
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T F - 39. Fill systems can be either manual or automatic. T

T F. 27. Glasslined tanks may be the.las'test to deteriorate.
T F 28 The basement is the only place that pebble storage can be placed.

T F ’29_. Blowers are placed in the curcult to take air from storage and move lt
<, through the cOllector - S

-

T | F 30. Pressure drop means that flu|d flow is being opposed by friction.

T F  31. A “drain down curcuut is always an open loop system

. \
T F - 32. Inhibitors may be added to closed loop circuits.

T F - 33. Antifreeze or. other specual fluud may be added to closed loop cir-

cuits.

r

T | F" - 34. Air systems do not really need to be balance'd.

-

T S—' ~35. Thermistor operatlon is due to the change in resistance of a'wire- -«
: ~ .

wound element ) A -

A

T F‘ 36. A thermistor needs to be mounted wuthln about 10 feet of its con-

troller. . }/l L ‘ .
T F  37. Thermistors are falrl;? standard in deS|gn but there are numerous
mounting practices. . A :
TM 38. The component in a liquid solar heating system that is furthest from
: "~ - the ground is a float- type air vent. . .

.
e

-

Fill in the blank(s) wuth the word (or words) wh|ch most accurately completes the -

thought

40." Two types of collectors are the (and | -~
. : . \ . v

> 41. Th alternatlves to primer and black pa|nt on an absorber plate are called

surfaces

.45 .

| -' N



42! The most effective qu'di,d ,collector-‘is -the

43. Two popular insulating materials for collector frames arg ___~ _ -and
44. Flow rates for an air system will be about to cfm per
_sq ft of collector.. - :

-

45. Flow rates for a liquid system will be ab.o'ut . to_ gpms
per sq ft of .collector. ‘ . .

»
'

46 Two ways' to ‘contain beat are with the - — ana ~ °

storage systems .o ‘
47. Selectlngastoragemedlummvolvesrts , . ,
~ and - ~__of the materlal( |

.48. Two disadvantages ot a liquid system caused by temperature change are

Y and__—_C points

'49. To move flulds “in a liquid system perform the same Iunctlon as

-

' _'_ in thg alr system

'50.' To control fluids, — in the/rqmd system perform the same functlog .

>

ds___ ____inthe air system 4
\

A p T . /\
51. Two |mportant pressures ln duct systems are ___ pressure and

pressure p

B . . 6 .
. ) : fulin]
. Ly



'Y . - . . V
52. A control device to measure temperature in two locationsisa__ . -~

. controller. o _
. ﬂ ' . Y " . "
'53: The first of a two stage thermostat calls for heat%';n the or
Z and the second %gtivates.-the.. ‘ o _
e .- ‘ A ) ’ - .
. - 54. The three commonly used heat sensing devices are N o
i J___ and' — . ‘ N . ] s '
’ s . ¢ . . N
55. To prevent overp/rlessurjzing ina Iiéuid system a(n) ’ tgnk is installed. -,
' . L Qv o s
56. ' The use of ____ valves an‘d‘_,_*,,'_'_ rﬁakes component replace- -
ment convenient. . I ; ),), TN

_In the following mlﬂtiple choice questions, choose the phra'se which most cor-
rectly completes the statement, and circle the corresponding letter in front of the

r

" phrase., C e < D ) . A
57. - Transparent covering would be le_s“s(use'ful if they could not

a. respond to the heat demand of a building.

. b. be removed for clearffng. o : | . ™
c. ‘change temperature rapidly. . ' ‘ "
58. The preferred-caver plate materials is ~ - S '\ o
_ é;‘ acrylic plastic. - " ’ o ) o
'b. low iron glass. ' '
* c¢. high silica glass. i
d. not listegd abo&e.‘ .
59. Collectors [nstalled in Minnesota and Louisiana would . » )
* a. bethe/same: <\ L ' S
g b. differ in mounted height, s B ,
c.’ have the same tilt angle., : ' ' -y,

d. requiré more covers in Minnesota.

- 47
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60.

61.

‘a0 ow

. . . ' W

A “blackbody" refers to the il ., '
a. absorberplate.” - . Ger g .
~ b..collector frame. ¥ © , | A e : o
~c. black subber cover gaskets. _ RN »
t{  heat tranafer.aystem. ~ \ .
Present day selected coatings are | o ( '
. extremely durable. = .. o S
- highly reliable. o o . "
relatively inexpensve. : :
about as efficient as paint. hE .
. o o ' v
Fins are used in air coll€&tors to ’ .
a. inérq_a_$é heat transfer. S - oo e
b. lower internal temperature.. - L, T o
c. restrict air flow. T e _ N
d. support the absorber plate. " A : S Y

63.

- 64.

65,

. buiit in to a solar system is

®ao0ocw

A collector rated at)BO% effigient indicates the

- . 'S

a. average daily heat transfer. - * 1 o i

b. .differences betweer inlet'and outlet temperature. ' o
c. ‘heat transferred at noon for given inlet and ambient conditions.

d. amount of sunlight that strikes the collector in a given time. /

The"best estimates of maxi

. 100%. S " .

It.is reasonable to build storage unifs for ___~  ° heat requirement. ll:
One days =~ RS ' .
Two days’ . o ) —

Five days' - . -

Ten days’' R . R S
Overnigtit U L - woo-

“urs

a8



. 66. .Locations for storage un|ts means- uslng space that is

' -a. the least’ mable oo S 7
. b. closest to the collector. v . :
. c. Inthe center of the building.
d.

outside the structure _ . )

»

- 67. Electrolysis in a llquud system

mcreases the effrcuency of the collector

a.
b, inhibits chemical action. |,
“.c. reduced the size of the storage unit. .
d. causes piping to Corrode.  ,
. “ . N
68. Normally, rock beds _-____ feet deep will cause a minimum of aiggressure
drop.- C ~ o - o
'va.'Two”"’ . S : - . : '
b, Four = . . S - SR
_C. Elght~ 1‘_,: : Y o . . LA
d. Ten = .. L w
e r'.’ N . .~" . o e [t
'69. Closed-loop and’open loop systets differ because of the
. a damper and valve system. . , :'%
’ b.. heat exchanger. ‘ : L
" C. heat transfer medium. - T
-d. design of the storage un|t e , )
\ . * ] .
“70, chefmal compound is needed wuth some thermtstorsto - .
- N N lu.ﬁ
1 " ea. adhere-tfiem to an absorber R '
,.b "glue them in a well. ’»- : -»x" 1 ' ' - e et
. : . I R
, c. protecigthem from air or water. =~ . LT o
. d." reduce heat less. _ oo : e
- 4 Lo ' o

;

71 An electrucally controlled valve |s a

-_ ,"'; 3 4‘» &
a so id valve. L
b. rel& y . v
. c. therr% tat. i
o a check valve. o
"§< ' o d;o i
‘\ ) > - »

T v
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©72. An electromagnetlc swutch is commonly called a.

solenoud Cos

a.
b. transformer. R

c. relay. -

d. controller.

- 73. p ontrol devuces are used for.

ease of mstalung the solar heating system o l

- A
_b. ‘safe-and automatic operation. - ‘
c. setting manual valves.” ' . _ e '
d. all of the above purposes
Be sure your name and address
is on your exam before mailing!
- ﬂ.l-‘ N
N 2 \'T t
Y v .
. & > . - *
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. . . ) . ‘ / » . ) . . . . ‘ \ . ,
£ . PREVIEW OF UNIT THREE
-Units One and Two have provided the opportunity for‘you to study the basic com- S
ponents which are-included in a solar heating system. This unit consists of three :
lessons related to the sizing of key components of a typical solar heating system
and the opgration of a total system.. ) ' . .

Lesson Six will introduce yot to several methods of selecting the size of the key
components of a typical solar heating system. The techniques presented are
based upon research data and provide varying/ degrees of precision, depending
upon their levels of s phistication. You will Qave the oppo_FtUnity to consider

“several important econX(h i factors and learn w they can affect the size of the
most economical solar heating system. Also, in this lesson, information will be -
provided to help you use a computerized sy’étem'wﬁich is available to compute the
size of thé'components required for a solar heating system. -

= . . ‘ o .

- - Lesson Seven provides the information necessary to understand how a solar

. heating system operates. The generalizations about operation are presented using
a large number of illustrations: In addition, specific information about the impor-
tant characteristics -of a correctly operating solar heating system are presented:
‘With this background, you should be able to evaluate a system to determine:if it is -.
functioning correctly. - ' : - :

Lesson Eight provides information about domestic hot water (DHW) heating
systems. Many solar space heating systems include domestic water heating as-a
part of the total system. It will be desirable.that you.understand how this sub-
‘'system operates, and know how to select the correct size' of each component.

. Some consumers may be attracted to the installation of just solar domestic water
heaters before they make the major-investment .in- a complete solar he ting -
system. The initial cost is much less and the system can’be used all year long. A
number of solar hot water heating packages are now available which can be in-
stalled'either in new homes or retrofitted into existing dwellings or commercial

- buildings. These separate hot water heating systems are given considerable
‘coverage in Lesson Eight.. . ' '

Taken together, these lessons will enable you to understand how solar heating
systems function and how to design efficient solar heating systenis. A thorough
knowledge of the content of these lessens will enable you to progress to Unit IV .
where you will study the installation, servicing, and legal aspects of solar heating

systems. i o . > . )

L sy




‘LESSON SIX
' Learmng Objectives

Now that you understand the functlons of each of the basic components of a
solar’ heating system, it is time'to put them together into a system. In’this lesson,
you will learn about sizing the collector. Once the size of-the coller)tgr is known, it

is possible to compute the size of each of the remaining solar syste

components.

Your previous expei'iences with forced air and hydronic heating syStems will aid
you in your study. As a result of complet|ng thls lesson, you should be able to:

1.

2.

3

3.

Identify-ten components of a typical solar heatlngjsystem.

' Defingghe term “life-cycle-cast.” oy

Use tables to determine,the“collector size for typical 'homes.

-

Identify the more |mportant econ0m|c factors in srzrng solar heatlng

systems C )

. 'Calculate the size of the heat storage unlt réqurred for a typlcal coﬁactor

Calculate the size of the pumps or fans Wthh’ circulate water and air

thr0ugh the collector. - 5o .

, e .

: Prepare the |nput for a computer program Wthh will compute the size of

solar system components -
. .‘ -

© | GOTO Youn TEXTBOOK STUDY LESSON SIX
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- _LESSONSIX .
| “Progress Review

Study Lesson Six in your textbook before you attempt to complete this review.
Please indicate whether the following statements are true or false by drawing a cir-
cle around T (to indicate TRUE) or F (to indicate FALSE)..

T F 1." The shortage of fossil fuels is one reason why consumers are. llkely
‘ to purchase solar heatmg systems.

T «F 2 When }Jetermlnlng the size of solar heat|ng system component the
v " heats orage unit is sized f/rs! and all other components are sizedin

relation to it \
T+« F 3 For heating only. the optlmum angle of a solar collector wish respect
o ‘to the horizon is-iocal latitudé plus 15°F. S

] toe

¢
T . lx 4. Counterflow desugn of heat exchangers decreases heat transfer

T “’§ 5. The higher the approach temperature of the heat exchanger the
“higher the effucuency S

AJ
Pl -

T F 6. An air cushlon tank provides the normaI expansion of the fiquid in a
. liquid solar heat|ng system. : :

T F . 7. The diaphragm in an air cush|on tank prevents the air |n the tank
' : from,mlxmg with the water.

T .F 8 Asthé, costs of natural gas, fuel oul and other forms of fossil fuel

o - energy increase, it becomes. /less economical to |nstaII a solar
heating system.

T F 9. The addltlonal investment in solar heating equipment will mcr@ase

) - . the value of a home and is likeiy to increas the annual tax and in-

- surance bills.

@
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In the following multlple choice questions, chobse,?e phrase which mast cor-
rectly completes the statem-ent and circle the eprresp nding letter in front of the
phrase. . SEs
10. Which of the following are considered when l|fe cycle costﬂ'lg is applled to

the design of a solar heating system. ) ) /

a. lInitial cost of the system - ' e
b. Expected life of the gystem ‘ , -

¢.. Cost of auxiliary energy - '

d. All of the.above are consudered in life- cycle costing

11.  Acollector which is or|ented 30° west of south will operate at an efficiency of

(Refer to your textbook Flgure 6 10) -
a. 0.93 ' ' .
b. 098 ,’f,A/ T -
c..09 o : ' . B
d. 097 . BT _— >t
12" 'Anair solar system wuth 400 square feet of collector will require a storage unit
containing __,_*; cubic feet of pebbles
a. 200-400 ’ . o
b. 150-300 - - -
c. 250-600 ' .
d. 450 , ' -

13 A heat exchanger is installed in a liquid solar heating system to

e

{
increase the effucuency of the system:”

a.
b. prevent the collector fluid from boiling. ‘
c. separate collector loop fluid from’ the storage loop~ fluld
d. heat domestuc hot water. :
_ 14, A clearinghouse to obtaun complete U}D todate unformatuon about solar.
n systems is e T .

“a. HUD. ; TR
b. Natlonal Solar Heatlng and Coollng lnformatuon Center.
c. ERDA: , .

-d. None of the above _ . \

LT’.
' 54 - .
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15. The FCHART collector §iz|ng technique is_

K l

a. very srmple to use, - ; L
b. a very detailed sizing procedure. o
c. ‘avallable to customer throughvsome collector manufacturers:
d. both b and c are correct. } &
‘ 16. A procedure developed at Colprado S‘tate Unrversuty for sizing collectors is
* based upon , . . R
" a.” the FCHART system. ®
b. rules-of-thumb..
c. heat exchanger size. _ .
d. -economic analysis.. o .
14

17. Presently, for.most IoCation_s the most economieally solar. he1ating‘ installa-
tion willreplace .. percent of the fossil fuel energy requirement.
KW

2

18. The ERDA computer program which contractors can use to determine op-
timum collector size and obtain heat loss calculation is known as

a. FCHART.

b. Relative Areas Analysis.
" ¢. Solocost.

d. 'Life-c'ycle-costihg. "

~.In the following completlon questlons place ‘the correct number word or
phrase in the blank(s) provided with each questlon

-19. A home located in Seattle, Washington has a heat loss of 60,000 Btuh for 20°F

' -average outside and 70°F average inside temperature. What size collector
will be required if 50% of the energy requirement is to be replaced by solar -
energy using a liquid system and collector tilt of 53°? Use Table 2-10 in
SMACNA Standards.

'

sqft e




20.

o/

VO'ne of the‘ simplified procedures outlined in this lesson provided a separate

divisor for air and liquid systems. Also, two choices of collector tilt and three

choices of percent,of solar contribution are given. What is the title of the
document where these data can be found"’ ; _ .

fi

; .
- . . A : . o

Hled‘ olar collector sizing procedures do not all produce the same

res H_S‘Why lSthIS s0, A. : . o

: the desugner/tecbmcuan know when appl\mg any ofh‘nese tech

PR . . . . -

"'-blanks“with the word (or words) which most accurately_completesthe

thought.s .« ', , : .

23,

24.

Yollowing: «

-

Referrlng to the sample Solcost analysis, Flgure 6-8, |dent|fy the values for

“the following |nput parameters:

A. Collectortiit degrees. ' ¥
B. Solar_systemi’fixed initial cost §

C. Property 'tax rate .

Referrlng to the output of the sample Solcost analysus Flgure 6-8, identify the
L@

A. Initial solar |nvestment $

Collector suze R square feet.

B
C. Annual proportuon of load provided by solar L %,
o _

-

' Rate of %turn on net cash flow - %.

.



25. The three basic types of.heat exchangérs are:
AL , _

‘B. : "

C.

-

26. Ifa gola_r system contains 75 gallons of water‘whf?h enters thé%Ystem at55°F
and is heated 200°F, what will.be the increase i , the volume of water?

b

-

Compare your answers with thoée given in the answer key in the back of this -
-Study Guide. If you have any question regarding the correct response to a-review,

- refer to your textbook for clarification. (See'Study Hint No.Q.). 3‘
JO NOT RETURN THIS REVIEW QU& FOR GRADING | -
| & = - - .
K \-’ . - 4
[ -, . \
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LESSON SEVEN  »
Learning Objectives =~ -

In Lesson Six, information was provided about sizing of the various components
of a solar heating system. This lesson presents the basics of solar system ogera-
tion. The relationships which must extst between the collector, storage unit, aux-
iliary furpace, pumps, fans, heat exchangers, and other vital parts of the totalA
system are presented. Finally, the control system which ’regulates the flow of alr
and liquid through solar heating systems is discussed. As a result of compl ing
thls lesson, you should be able to: y

-

. systems.

%escrib'e the five basic opera ing modes-for air solar. heatinf systems.

Qetermlne which components of the systems should be eratmg and

which-valves or dam})ers should be open during each operatin mode

J'U
Describe the l{hportance of elummatlng air Ieaks in all air solar heatlng

_ system. . - ”

Identify the safaty devices iequired on the domestic hot water sub-system.

-

' Identlfy the basm dlfferences between- air and hydronlc solar heatlng

systems.

Describe three different. ways heat pumps can be coupled to solar heatlng

Ly

/GO TO YOUR TEXYBOOK STUDY LESSON SEVEN | .

'
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T F
T F
T.F
Y
T F
T F
‘T F
k..;$ "~
T/_F\\'
T F
T F
T F

1.

. Ducts with ins;ulation valy

 LESSON SEVEN
. Progress Review

5 Au . .
- Study Lesson Seven in your textbook before you attempt to compiete this
review. Please indicate whether the following statements are true or faise.
ing a circle around T (to indicate TRUE) or F (to indi@e FALSE). =~ .-

y draw-
When heating directly from the collectors of an all air.system, the

héated air normaly passes through the storage unit before entering
the space {p be heated. . . o

+

. Heating domestic water is possibl:a by adging a fin tube heat ex-

changer in the air stream leaving the.collecfor.

o .

- ATIP vaive is installed at the pre-heated domestic water tank to pre-

vent overheating of this water. ,
] . . —_—~—~ -

- —a

e of R-4 should be ifistalled to reduce heat

loss in an all air system. .

LA bypassduct is always required in an all-air solar system. '

. When storing heat with a hydronic solar heating system the storage
: . | mne 9

pump‘is off.

. When heat is being stored |n a cioséd loop hydronic solar heating-

system the collector fluid flows directly to the storage unit.
- . . v

. The'purpose of the purge cycle is to drain the fluid from the collector.

. Thesimp’le‘si installation of a heat pump in a solar heating system is.
’ to use the heat pump as an auxiliary heat source.

. Ajheat pump can be installed so it will draw heat from the: solar

storage unit. ‘ ‘ . ) *

. The eollector pump will short-cycle if the “‘on” and "‘off" points on

the differential thermostat are too close!

% .
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. In the following multuple choice’ questuons choose the phrase Wthh most or-
- rectly comple&/the statement and circle the correspoi)dlng letter in front of the -
phrase

-12 One way to prevent scalding wa:erjrom entel"ng the domestic’ hot water l.

is to installa . : .

a. pressure/temperature relief valve. 4 ' .

b. drop line. .

c. thermostatic mlxmg valve ' (

d. air CUShIOﬂ tank . . :

¢+ . NN -

“13. A well designed all air solar system wrllrhave a pressure drop of approxumate
ly 0 3 inches of waterin the . ) ) l

+

+

‘e, collegtor. 'y . _ v .
b. storage unit. L ..
‘c. duct system. " . L R
d. both a and b are correct. ' ) ’ s
. . _ . .

- 14. The collect rl’oop of a hy'd_roni,c solar syst&h contains ot
a. collector. . ‘ ' L e
b. heaf exchanger.- ‘ i

7 ¢. pump.. - v

v

« d. all of the above.

15. Ifa heat pump is used-for auxnllary heat, the “solar"” water coil is installed up-,
stream from the refrigerant coil to : .

e N N . -
a. avoud higher head pressures: on.the compressor ' ' L
_ b. make installation easier. - ot '
- ¢. toincrease the heat output from the héat pump )
d. all of the above are-corrext. . . L
’ R ‘ o BN : °
- o o




, - ' L /_\

in the followrng completlon questrons place the correct numberword or phrase
in the blank(s) provided wuth each questlon . ) L

16. List the .flve basm Mbdes-of operatlon possible with all air solar systems: * | .

g ’ : . . . ‘

4
»

A . - : - - — g "

Mmoo w

17. The flow path of air through the storage unit when heat is belng stored is

the air flow-when heatlng from storage R ‘ oo
18.  Why is air leakage more of a problem in all-air solar heatung systems than rn
conventional-forced air” heatlng systems” ;o , :

A N ) ~ ‘ : r — — .'.“ /
: - 3 T p) : P 7 . , L/
y .

B. _ i -
D ' ' ' _

19. To achieve quiet operation, all . bfowers should be “ dr"iven.

N v

~ 20. Dampers on all air systems be fitted with - '  seals for
positive shut-off and smooth operation. ¢ . o St .
" ) » .
61
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21..; Refer to, Fi'guﬁa 7-14 in{your ié“xtl and detxermi‘n_e what mode of opefation is in

effect wh‘en"the'fonowing conditions exist: ° ]

' _OPERATING' STORAGE -COLLECTOR AUXILIARY LOAD'

?
s >

* _ MODE- . PUMP ' PUMP ' 'HEATER  BUMP FAN
vy -~ " on  “on off - off off
. v - ¢ ) ‘ - .
B . _ oft - . off . off on  on
c &On - On - off on - On .
D - Toff f : ' i
.:‘A .4 ‘\ f' ' .Q ' ‘;o ) . _‘ 4‘ /n . }‘ Q , on B "

.. ' e M . ) . Y -
Compare your answers with those-gigen in the answer key in the back of this

Study Guide. If ybu have any que/s'_ti/otr;?garding the correct response to a review =~ -

J.

_item, refer_to your textbook for c_:lérif’ tion. (Seée Study Hint No. 9.) 5 ' t

DO NOT RETURN THIS REVIEW QUIZ FOR GRADING | .~

.
<
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7= LEssONEIGHT
T Learmng Objectives L

_ Solar heat|ng of’ domest/c hot water (DHW) |s growing rapidly.j ',t,he Umted

" States. Many solar domestic- hot water heatlngsystems are availatte’for new in-
stallatlons as well as retrofitting into-existing ho?hes Thi§ sson introduces the
basic, types of.systerhs’ avaitable, considers each of. the pr crpal components of.
the system individually, dlscusses the operation of these systems, presents infor-
mation about sizing the components, and deals with the principat:economic ques-’
tion which must be answered before deciding to purchase a solar domestic water
heating sys'tem As a reSUIt of completrng this Iesson you should be able to
<1 Descrlbe the three basic types of solar domestlc water heatlng systems and

e identify the basic components of each . - _ _ .

.27 Understand and b&able to. dlSCUSSthe ﬁva_ntages and drsadvantages ofalr
versus liquid systems ~ N _ .
* 3. Describe the operatlng cycles of the three baS|c systems for heat|ng
.domestic water. o . .

N

v 4. »Compute the'size of the coliector requtreid for,t-ypical ‘resiaential instaill‘a.ti .

* 5. Analyzé the. economic conSIderatlons WNcch are lmportant ) sion to
. purchase a soJar domestlc water heatlng system = :

_qo?ro YOUR ffExrBook STUDY LESSON EIGHT
S R
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LESSON EIGHT = = = ..
 -Progress Revnew S

, Study Lesson Eight in your textbook before you attempt to complete this review. °
Please indicate whether the following statements are true or false by drawung amr-’ ’
cle around T (t (§ indicatéTRUE)or F (to |nd|cate FALSE).

.

» T- F * Solar domestic hot water heatlng is preséntly more economical than
- 'whole house space heating :

T 'F 2. The direct heatmg/thermosmhon system is well smted to northern
Y ¢ climfate.

‘ 'lndirect solar wa heating cgllector systems have been developed
to overcome the freezung prq6lems of direct heating systems

lnd|rect water heatlng systems can use elther airor IIQUId (hydronlc) .
cbllectors )

:-' al he Mgem% generallg,requrred in liquid ;olar :
a,tmﬁs téms. . %,

' Inthe ?ollowrn ultiple choice uestions, chdose the phrase which most cor-
R rectly.)mplétesg}Y statement ar;d crrcle the c’brresponding letter in front of the

p’hraSe A
. g ‘ .'[k. o R 3
7. The srmplest form of the solar domestiq water heat|ng system is the * .
’ a..: |nd|rect heating/thermosiphon. . ) gk
b. direct heating/thermosiphon. . > S
. .direct heating/pump circulating. - : -
d. indirect heatinglpump circulating .

8% In a direct heatmg/thermosmhdn system the water storage tank mus&be

~

a. located 1 to 2 feet above the collector. :

b." located 1 to 2 feet below the collector B S

c. made of fiberglassy, - ) o

d. larger thaain any d\f the other systems. : : :
: . : 64 ; : Do
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Excessuve hot.water is prevented from enterlngthe dornestlc hot water ser
\we ‘line by installing a :

. a check valve ' R IR © L e
. 'b. P valve." . o A o T i
.4 -G an automatic drain valve. - e
750 d.” therm Ny controlled mixi'ng valve. . o ’
10. To preVen xcesslve buuld up or hot water or steam in the. storage tank a
RN qsL;- S . o R \q_)’
a. check valve is installed.” . - o o ) } _
. b.” PIT yalve is installed. o . .
: - ¢.-» an’ automatic drain valve is- mstalled i

o do vthermostatlcally cpntrolted muxung valve is |nstalled g

11. ‘Among the major advantage(s) of usmg alr Yather than watgy as a transfer

. 'medlum |s/are e
a.“ freedom frefm freezing and boiling: )
b. no risk-loosing expensive fluid in callector loop. ) » .
c. no risk of damaging leaks. . oo .
d. all of the above. - - : , . _ }4

. 12. The major disadvantagefs) of using air. rather than water as a transfer medlum
- is/are: : . .

., i . . . . . -
d . w . o <
. . R . B ! ]

a. larger collector required.
b. larger piping required to connect somponents b _
+ C. more energy required to circulate air.- .. \ ' )
-~ d. all of the above. . o k \
— él . . -
' ' F|II in the blanks with the\word (or words) whichtmost accurately completes the
'thought ' Lot - . ot . -

) N
13. Describe two d|sadvantaqes of d|rect heatung/thermosuphon solar domest»lc

water heating systems

A . _ ¢ .
. .7B S '
LN ~ B
< . \ ‘ - ! . ’
. . o . J R A / .7 1
. & ‘5’ . a ’ © 85 a A
- s 71 « /




- v ' . . * . . o \
. . .o . . ’ : T . R
4. A_____ . valveisinstalled in the collect loop of a solar domestic water
.. heating system to release excessive pressure and allow any steam which
' may be created to escape. ' ‘ : )

- . . L}
. -

- 15. ' Label each ‘ottheblettered components of the direct héétin'glpump circull‘at_ing '

system shown at the ri’gh-t. : ' o .
R NP T

AL . ARG
H . . ) i

e B.
‘c. ® Cold Water Irlet
D. # Hot Water
k Qutlet

°  Temperature

Ditterence
Starts
Pump

——

Tm

” - . B

£ ) . . / .
I8 K
i " “ . ) @ ! ’
A

16.. Using Table 8-1, calculate the daily Btu requirefneni for a family of four living
in a three bedroom home which is supplied with service water at a
temperature’ of 45°F. Assume that the desired temperature of the heated

e ., water is 155°F.
B -. B

Compare your answers with those given in the answer key in the back of this.: .-
Study Guide. If you have any question regarding the correct response to a review -
item, refer to.your textbook for clarification. (See Study Hint No. 9.)

v

DO NOT RETURN THIS REVIEW QUIZ FOR GRADING

. 3
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" Fun"’"damo'nt'aﬁls of'.solﬁar Heatl'ng
| UNlT THREE EXAMlNATlON

Student s Name \ '
Address I City ____State Zip

Please indicate whether the following statements are true or false by drawing a
c|rcle around T (to indicate TRUE) or F (to indicate FALSE).

T F 1 Solar heating equlpment manufacturers may use the|r own suzung
procedures
T F; 2. There |s only one accurate way to determune the collector size for

either the air or llquld syste

T F 3. A fixed.collector array wull sat|sfy the same percentage of the heat
demand consistantly in all buildings in a given locat|on v

T F . 4. Doubling the size of the collector means doubling the heat output

i

T F 5. Counterflow between hot and cold fluids improves heat transfer. '
T , .F 6. Modern exoansion tanks may be open to the atmosphere. ,
T F * . 7. Typically there are three blowers in an air system.v‘/‘( . g \
'V f,aT - F. 8. Minimizing blower hgrsepower and air leaks are important con-
siderations in an air system. .
T - Fv) 9. Propeérly desugned the auxiliary system operates more h s per day
{7 than the collector loop. - p -
) A o0 . :\

K 67 r
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i

T F . 10 Llsted duct coil Btu ratlngs may be reduced by non unlform air
) velocuty over coil. L . 1 : . :

T F 11. Senso(s are placed at the |nlet and outlet of the collectors forsystem
_operatlng purge)ses _ R ;

T F 12 Inaclosed loop. hydronlc system more than one pump may operate
] ) R at a ]glven time.
TS F. 13.A heat pump can provude both heating in wunter and cooling in sum-
: mer.”’ : ”
. » ;]
T« F . 14. Because of excessive cost DHW s‘ygms should not be lnstalled

" alone. S

T ~F_ 15.The thermosrphon system requlres a low speed curculatlng pump

T K ) F-' . 16. The thermosuphon system would be sumple to operate in Florlda

T _F 17. Safety valves are requlred for theranmhon DHW systems

PR

T F -.18.-When heatlng DHW, the auxiliary system should be used only when
solar insolation is inggfficient. AL , .

T F 19. A r(elief“'valve to relieve pressure must be plumbed to an‘open drain.

T F_ 20. Air system collectors are larger'than llq id system collectors when
' used for*DHW of s|m|lar capaclty » y

T F <,_'21..Almost any type of heat exchanger meets the code/\ DHW
- systems. .

L

T F 22 By desugnmg a 60% January hot water demand system it wouId ac-
L - commodate almost 100% of the June demand. » _

T B 23 There are numerous. styles of he‘exchangers

Fill.in the blanks thhe word.(or words) which most accurately completes the

’ftought
24. Asa rule of thumb, the collector area requlred for space heating is equal to

. the floor space being heated

o
88

v
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' 25. The FCHART is a table to determine . . ' .

_ 26 To agcommodate the expansioh' of water in a el'osed loop system,

tank is installed.

-

- 27. PSIG meang ' H L L]
- ._.'4”-"": - ] »-\_A,J,.

¢

28. When heatlng fron; storage, the auxiliary system operates only durlng
k3 _
stagejémand of thermdstat.

i

|
f j

29." Collector efficiency at times of both hugh and Jow msolatlon may be mdreas

ed by : - . pumps R e j
. e T e _ o .
30 A reasonable rate of consumgptionforDHWis______ gallons per persOn '
per day. . S | | “n

31. List the foyr essential solar system operating modes,

O 0O
¥

lv [ a ) B NN - - o i . N
In the following multiple choice questions, choose the phraSe which most cor-.
rectly completes the statement and circle the corres\pondmg letter m fyont of the

phrase. _ . : - C
32, Typical colléctor efficiency for DHW is probably - IR
‘a. 10%. o ' : ‘
b.  40%. . | e
c 70%. o "
d. 100%. ,
' . 69 . .
' o N . o ~
/.v_) ' : : o RN, )
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-33.. When justifyig.solar installation for economic purposes, the expense most
applicableAs the -
" a. @65t ofequipment. 4 . S, _
" cost of labor. -« T . P
c. .tax break. . y e '
_d. life-cycle cost. °
34 Opti'mu.m tilt angle for solar heating is latitude plus’ - - : /de'grees.}

0.
~. o .. . N : 8

,‘2}”2‘_ R - \\\/

.15
5 &

"35. O%rﬁum tilt angle for DHW is latitude plus _
. ‘ - ) . !

o S

g NS \ -

15

aocop

<

‘ ““ . - 'd . » \f’ . ," l 2t . . ' . S
\ié The desired heat exchange approach temperature is - / , "“’{‘

(_'..a-.‘_o_v ' ‘ ] o 's\.' L . .
. b0 7 : . : - '

c. 20 PR .o
¢. 30 CoL o

37., Air cushion tanks can be located a few feet: N

a. above the collector. S - . .
b. below the collectors. o -
.- c., above’'the storage unit. )

1 "d. befowthe storage unit. P . ) e e

o .
;e ~

38. To,bréventTyvaté;r.from flashing to steém iat the top 'of 'a-'c‘oll‘ect_or, the

'

N ’ N LA ‘ ) »
a.’ static pressuge is increased. . :
b. static pressure is decreased. ' :
c’ .airvent is closed. : L# . ‘ ’
., d. balance valves are adjusted. / X
. . ‘ P S N R »
N K b , 70 76 Tl




s 39. 'A diapnrem style air.cushion tank allows for‘using cushion tanks. .
» & larger L. ' , : ot
b Smaller = . . . ) T, T 4 .

-

'?'40'. _ When ethylene glycol is Useo at a50% 'conce'ntretion,,ex‘p_ansion tanks must

be - in_size.

overheats the collector.

A\ a. Increased - L L, S, e
' j‘ b. Reduced - o IR N
A . A N 4 . ' (i- ., . N .
K] In the summer when there is no |mmed|at heat demand; foruD!-tW; the air -
system coIIector Ioop ex voe o b
a. continues to curculate hot air. . ' ’ ‘
.b. continues to ?’\eat the water. . L e
-. _-C. exhausts to the atmosphere. = - .
d. :

o'
42 The component that prevents scalding DHW water temperatures is

a. a heat controller

~a mixing valve.

an air vent.

the dual thernaostat.,

tal pres;sure Toss in an air system may be as hugh as ' Yinch of

S
T a. W3 ’ ( >
- b o6 | ¢

c. 09 - '

44. A .common air velocity inducts would be

a. 200 . ) |

b. . 400 oo
} - ¢, 800 ° ; . L
. d 1200\ e - -
.’j : s
y ) N 2 fr
. : . 7? " PP
L - - an
. L




' » 3 "'46. When the coIIector Ioop cannot supply enough heat durectly the .

N !

-45.  The Yeast eflﬁectp/e low temperature ||qu|d space heat’ system with solar
.assistance is the

..

a.. liquid to air unit.

" b. hdronic baseboard unit: . ‘.. I
Vel c. heat exchanger unit. : S -
d. low pressure storage unit. !

a house gets cold ‘

b. sgtorage unit heat is used. -
s« C. xilia®y heat is used, _

.d. circulating pumps operate in reverse.

47. A djsadvantage of a heat pump as auxiliary heat may be

a. ineffective movement\of the Ilquld
b. use of unstable liquids.
‘c. large space that the pump occupies.
. d') cost "of electricity required to operate them.

"
. (A
-

48. Drfferentual thermostats are typucally set to start when the temperature dif-

PN

ference between'cgnector and storage is about —6" : j '
v
. ! : : .
‘a. 3°F '
b. 6°F | p .
c. 10°F : s
d. 20°F .
49. The slmplest DHW-system to operate is the __.'_\system.h ‘ p
a. thermosrphon L ',' . - e ',ﬂ,\“_\
.- - -ligyid circulating ‘ _ - Coe T SR
f . C. aircirculating * . . g ‘ T S S
d. ;combinationotbandc - - T T
. , : Y
:'. ' .t A J . A
‘:i ) " a " 4 .0 .
- by A\
A \ ‘3 '
‘ pJ
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50. The most difficult 'DHW'system_‘t,o integrat,ehéﬁto the “Structyre is the &

system. .
" a. thermosiphon o : ' ' X
. b. 'liquid circulating ~ . v o NS )
c. air circulating
d.. combination of b and ¢ ' ‘ , o
s : J ' . s o~ ) o )
51.- Gheck valves prevent = ' . oo v iy
o a ‘overheating the collector.' ?
b short cycling. - ’
©i4 reverse circulation. R co o
d. system drain-down. T . e
- 52, In the direct heatmg/pump curculatlng DHW sy tem, prevents
' freezmg R } o P '
' a. antlfreeze R . . - ' /n
b. reverse cirgulation < E S ' ' B
c. high speed pump action S , S
A, @ adrain-down valve . . ) i ‘ o
- 53 Tpe flrst concern in suzung€ ;s - \ _ ' R
"a. heat storage unit. ' . L o ’
' 'b. air handler. o ' : S
c. collector. , . : - ST
-, d. heat exchanger. . }l . L . .
54. Inthe mdlrect heatung/pump curculatuon DHW System _~ _ prevents
“ freezing.~ - - : '
e S y t : L
\ a. antifreeze or-specualﬂuud . . A N
oV b reverse circulation , A -
9 c. highspeed pump action - - ;r
- #d.. adrain- downvalve . : .
. Be SII(JyOUI’ name and addi'ess -
' >t “|.areon your exam betore mailing! | . : .
B . . ' Q - . . ., )
\ , - IR ] * A ’, .
. . v ) (
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o PREVIEW or= um'r Foun

Unlt Four provudes the learner er with |nformat|on about H]sta//mg and servicin

solar assisted. heating Systems, -in addition to dls&ssung ‘$ome of the areas o%

legal concerns for new constructlon or existing structures being retrofitted. In

- preparation for this unit, you have studied the components of the open.and closed
loop systems how t\hey are sized, and how they: operate ,

N Lesson Nmé d|SCUsses the mstalla«tlon of collectors heat storage ynlts control
-devuces and:specialty items. Special emphasis is placed og-the scheduling of
__events in the sequence of activities in copstructing the building. SMACNA and '

other organizations ‘have established standards and guudelmes for many of the in-
staIlatlon practices used(n the construction mdustry that apply to.solar heatlng

S I SpeCuflcatlons and drawungs for the structure provide the manufacturer s pame .
- and model for different components in the solar heating System, as“well as for the -

= rest of the%tructure Marfufacturers ofjlarger pieceg of the heatifig equipment pro-

vide specifid data for rnountlng and adjustin proéedures for their products. The
installer neéds this m’format"lon .as d® the di srgner and builder of- the home or
bus-lness belng ‘constructed. . . ‘ . ..

‘. Lesson Ten identifies three kinds of servucung procedués for solar heating

systems: first, is installation start-up; sgcond, is petigdic mauntenacnce and, third,
is troubleshootlng or emergency repafrs. Dlscusswns are durected toward the in-
staller, servicer, and consumer or owner of the property :
CLv
. Lesson Eleven deals Smth legq matters that arg designed to protesct people and

- " praperty. The health and safety of pgople and prikperty are extremely important to

designers, installers, and consume ofsolarheatlng systéms "Concern for proper-

ty deals withvsuch topics as right to#ight, zoning, building codes, constructton

practlces and other real estate rrznagemfnt problems ' . f




Leafnmg Objectlves o

Lesson-Niré’ vudes thq? Mnformatuon about the sequerlce of events

for installing liq! d and-air'sola¥ assigted heating equipment as well as domestic
hot water (DHW) These lnstallatlons are discussed first for.new constructlon and
then for retrofitting ‘an existing strUcture Topics are presented in the order th.at
they would nermally occur in constructidn scheduling. In addition,.the practice of
insulating ducts and-pipes at the proper time s also presented: Theretore after
studylng thls"lesson you shqpld be able}# ‘ . .

.

_ 1. Explaln archltectural problems rela?ted t@?‘tau% solar heatmg system;s

.

2 Schedule and install collector arrays» ‘/
3 YSchediiie and install heat storage unlts

s . .o

a, Schedule and install controls and specualty items. . T .
_ \ 5. Sghedule and mstall domestlc hot water,eDHW) sysnems | ' @ l”'
-_ 6. -.SchedUIe and mstall msulatuon L . o R o ..

. ; ' _nl 6/ - ‘. . ° o ’-‘:’ :- U ow _.~-‘, X "‘ ) .
GO TO’Y_OUR Tsxrebox STUDY LESSON NINE | -~

. : <. Ce S A .
[} Lt . . .
. - . . .
n
A . ; . N ) A . - L
4 o
a
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c ¢ : . [ /
Study Lesson Nine in’ your textbook before you attempt to compIete this revrew
Please indicate whether the following stafements’ are‘true or false'by drayylng acrr

«- ‘cle around T (to indicate TRUE) or F (tofmdrcate FALSE) .
T.'F R anuud heat’ storage unds can be pu,x in place any fime-during con-
: structlon . e . i ‘ L Te
o . . } . LY e : ‘o
T FR _ 2 1’he bottor{1 of the storage tank. shoul'! be on the floor fyr stabu[tty
‘.T F 3: Collectors must be founed to each other as tlgl’ttly as posstble s

T ('F' 4. ome collectbrs should be covered after |nstallat|on SO they' wrll not/
' overheat lnternally before belng placed in operatlon T “
. . .
T. F . 5 The reverse’ return array assembly IS the eaS|est to balance -

P

T «F-- '6 Centrlfugal pumps must have posrtlve water pressure on the |ntake

°

o . -

sude . - L e
o TOF .7 Inr an open loop s/stem the heat storage unit must conta|n antl

: : freeze. . . 2 < S .
- ’ ' A\ S l ’ . : v te
STV F 8. Th/e-pen'roop system is frequently |nstaIled in Iocatror:rs v'here sub ‘
. freezing temperatures are rare’ e e A
. “F7 90 ln Iong pipe: runs e;pansmﬁ must be consudered Cf

. ',.‘ "(» }J 9 -
T o F '10,Short lengths of rubber h0se -can "perform the same function as

dlelectrrqumons .\&.. .
e R

N

T - F 11 Rou h -in electr"cal 1nsta|lat|on lnclud locatln sensors and ther
| g ! 975 g

-

SO most.ats ) o
T 'F 12 Rock myst lg%wnrférm in s:ze for the pebble bed storage umt _ o

- ’ ’ d T . L B ,'
T _‘,F <13 SerfSOrs are |nstalled in air system Collectors after they ar%solildly -
. e mounted on the roof . L
’? ’ | ! ../ . " ) F-J ’ , ) N
~ . N % ! ¢
* o v.,,, , r ’, T .
! T = * : "
3 . . ) N 82 ‘ ) 0 % \ .
v ) - “— 5 * - .7




c

“F 14, Ducts foralrsystem collector loops are installed in the same manner *

. F jDuctwork may be lnSulated msnde as well as outsrde

as conventlonal furnace ductwork

,F 16. Ductwork to blower connectlons are made wuth flexuble connectors

F- 17_ Air fllters are nigre cr|t|cal in the llquld collector curcu*than the a|r
system cir’cult . o

K

'F 18 An electronic air cleaner should not be placed at the |nlet to the aux-

|l|ary heat source because of h|gh velocuty air movement.

RN

‘;:( ~19. The air handlmg module contains most of the electrlcal controls for

S |ts operatuon
a
v

. 20 lnsulatlon fos the outsude surfaces of air system ductwork is"added
after leak testing |s dohe. . C

T &Fo% 51 Humldlflers can npt be’ u.Sed W|th all air solar systems b o \

T _'22; Relief valves in DHW system are typucally rated at 50 psu juSt as the |
‘ ° Lol collectors .0 o T “ . c,_. . )

| T | F 23 “The settmg‘?o? the mlrmg valve for llquld E;HW is 140 F ’ : _;

;T - UF 24 A collector cduld be mounted tlat on a 4‘/12 putch roof but maxumum
L \)Jtput .would be reduced. - - o= . R SR

T» F'. 25. Pebble-bed'storage'units can-be placed o.utsidté'i.the structure

;rﬁ‘F . 26 quuld storage‘tanks can never biplaced Outs1de the?strucfure
*hﬁll;’n fhe blanks wu'th the word (o; words)”whuch Sf?bst accuratel-y completes the -

0ugt - 7'-. S ‘ ! . o .".

/ - g 4'4

27 The pracUce of |nstall|ng a solar heatlng sysfern,\rn an exustung structure is

28

e

called o .

' B w . R .

4 -A' - - - . o
v R . N X . . S .

. -
- "‘L'

'Footlngs fgr llqurd heat storage tanks are englneered accordlng to: the welghr

-’-_ofthe o 2 and S N S

; > g o
*®, o A S
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29 The preferred collector mounting practlce is to mount it'to a roof constructed

at the proper '

3!3“;Sp o ust be allowed at the top of collector arrayfor the installaf
P57 .
31. ‘Pipihg rr_\a'd'e‘of 2 " or. - are used 3F liquid collectorl'_
32 Expanslog tanks are srzed accordlng“to the — and the 9
in the system. '7 - e
L o _: 'J ' : o A

’ 33 Alumlnum metal strips ina_-____~ erode away and reduce chemrcal at-- B
tack in the rest of the Ilqmd coHectbr Ioop. ) . :

W 4 . S )
! I‘_‘ . . \ o .(_" L . ,.'" a:v‘.’iv"-
34 The basuc steps mvolved in’ roofung a solar heated buuldlng are N e «%
- . l . . - Lo .
+ A - N ' . - : ot
- > [} . i! ) N = -
< . B. . .
» L B - . 1
¢ C . “l A"l' ?
. _ ‘ .
. . 2 .."r“ . CE ) )\.e ¢ . 3
; 35 Three posslble Ilqmd collector to Collector assemb't.y procedures are
, -A . ~ . o o ' o
. . : PR
. -«
B. ‘e 2 f . Fs
Wt . g’ . R J" - T
\ e R LR S o
. ; o . - r ‘
- 86, Three possible liqaid colfector array Cif%s’eare%-‘ e
. /.', B ¢ . . N A - v . .. ° .. -
AL ‘ ST R ) : K
v« 7 s a . ¥ s ' . . N ’
. @ B - : _
e . e R v N i . 17 a 57, ol
C. e SO , ‘ e
. . ‘ . 1 I‘ [ - e
. a . R N R 3 !
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‘7 An air handling system module may contain - SR
- oA — ' | | \

el

T a s . . .
B ALY S : . . . .
- . R . ~ N v .
~ . .
. ™
. . C o ; . ) o
3 . NI = B g - T
. B ~ /. : R ® . s .
I 3 . . !
N . @ “:,5“ ¥ .. . _ ‘ v N ) .
" PT I .

) T . ’ . .
.38. - Materiags to insulate a solar heating system should have

E.
F.

L%

L .
RN f?r .l - ; — - . E .
, . B. . . ‘,:.-;: : .
- i R - .
. C.
D.. _. - .

in the féllowing mult'iplevchoiée questions; choo§e the phrase which most cor-
r'ectly_ completes the statement and cirgle the corresponding letter in front of the -
-phrase. . i

» . 39. Tank installation is done before the [ R
T AN o : - T T
. .a. basement floor is poured. : B o '
* b. . floor joists are placed. : : T
c. subfloor is mailed, down. ' - s y
d. basement floor is installed. - L . : ,

40 F‘o[-dvai,ng;qe pq_rr;dsés 'a minimum pitch in piping»i}} - : per 10 feet.

4 . ° . R : : ¢
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A, ‘_ s R )
41% alr handling module directs alrflow for’ A
. _. . . . - ) . . - . : - o »
« a. space heating from the colle¢tor. =~ .. # . s
) b. space heatirfgfrom the storage unit. " I LT
c. space heating from the au-xilia%meat unit: 2 - : .
~.d. all of the abdve. . . ,

adts
o

' 42. Four gallons of liquid per minute flowing.through a %" pipe af 422ps will
have a pressure drop of ' psi/100 ft. (Refer to textbook.) :
] a. 422 : - . .
,C. 6.60 -
d. 742

*- 43, A 1" pipe at 5.57 fps with a pressure drop of 6.36 psi will flowat __. gpm.
- a. 4 . . : : : A
b. 8 . * : . N T

*c. 15, . , o S N o

: ,'d' 25 - B - o TN . :

~ Compare your answers with those given in the answer key in ihe back of this
. Study Guidexlf you have any question reggrding’ the correct response to a review
item, refer to your textbook for clarification.(Sae'e-}tudy Hint No.9,). ,

P
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'LESSON TEN
o - Learning Objectives -

LessonTen deals with the topic of servicing solarassisted heating systems. The
intormation relates to servicing the system affer equipment has been installed.
Prior to-this time, theredmay have been some testing-and inspecting daone during
rough-in activities. - = - .0 ' . VR
A / ’ . & . -

>
.
”

The system must first be serviced for start-up: This 'rheans"iglat the system must -

be filled with water (or air),-and controls must be checked to see that they operate . -

the system properly. 'A check list must be completed a'nd'gi.Ven'to the owner that
provides the properly balanced system'’s. operating cond‘ﬁions.“‘CheckI‘ists' é{::e
prepared for both the liquid and the air systems as well as DHW.

. LY SR ’ T “ :

Instructions are_also prgvjded for-peridd maintenance. This is information thai -

should be given t&the owner .l @ b oL z

] .
3 v e

There is also a need to understagd trétibleshooting practices for use in an.’

emergency. e - : : ) -
“ ' ' ’

Therefore, after st'udying'th'is;'lésson, yod should be able to: - o )
_ 1\}: Discuss the gene‘Lal information necessary for start-up. -

w e '

2. “Perform the operations necesgary o start-up a liquid system.
N b N - ’ .‘ N .7\) e . ) ) . 'f” . - )
% ¢ i ! s . °. * o . y . - 4
3. Perform the aperation$ necessary to (‘sgafrt-'up an air-system. . . 7
' o e e o S El R . _
4. Identify the.periodic maintenance procedures for various compq'nents of the
y ‘solar’,he‘ati.ng system. . _ o ¥ A

- ¢

- .
ey

. . B . A ’ . . . ST .r-.
. 5. Explain the traubleshooting procedures for.a system that needs emergency

e 7 ~Deserbe the¥ffirpose and extent, of warranties.

\.servicing., = . A o .
. A . : R
- 6. ’Disc_uss maintenance’ problems that are.common
Ky ) ) -, ®© s 8
§ystem_s. ‘ oo : : T :

amOng‘fsolar heating

. . ot - &_

FE e

S

.~

r

[ T vt a - . L ) e~

mA

S BT .

. . - . . . .
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- - ; Progress Review
- Complete this review. Please |nd|cate whether the followung statements aretrue -~
or false by drawung a circle around T (to indicate TRUE) or F (to |nd|cate FALSE)

T F 1 Safe procedures are |mportant in servrcmg a solar heatlng system
: T ) F - 2. Collectors may reach temperatures well above the boiling pount of
water. . .
S - 3. LA gqod deS|gner will. prescrlbe the precuse locatlorrfor every element
' ofthesystem - . . _ ”a o
, S OF. 3. ‘Start -up beglns after components are in- place, leak tests are com »
L le‘red and electrlcal controls are lnstalled b e ___§
A'l
T 'F; 5 1t is almost |mp055|ble to totally purge atr frorha 'lwquld‘system at
' start-up. - ) S A
n . . Temi M "._"..‘-":'v '\_

T F .6 Capplng drain valves after, start- up will prevent_i,ac}:,{fdental‘r dgain

down. * . i

T F 7 Contrellers operate as a result of the electrlcal current flow through e
thesensors _ G T sy

. R .

T "F ' 8 The system mstaller should complete -a checkllst and give it to the

» customer e _ . s Lo
~ - . v m . s & | I
T F- 9 lhst?uments to balance a solar heatlng syst@m must be callbrated
a regularly o v o
' ' ' : ‘_’:‘;." ’
T+ F 10. Absorbe?vpanels are anodrzad and not subJect to chlpplnger peellng
..’- - » . ) -
T F 11 Duct leaks should be loﬁted before bulldlng is clesed in. f
A W -
: T F 12. Sensors typ|cally cannot be repalred in the f»reld o ':_ o
T F 13 Most electronic controls wrll have to be“aditjsfed at the flme of start /
. 0 R . ) . =y ,Q R :_’ ] ] e
’ N up 4 ' ) i : -.“ a ) ‘.‘e. 1“ "( :: ° .‘ ° 'j’l v‘—'f- ﬁ ) 3 ».
T °F . 14 Som& heat transfer fluids may deterlorate'éealsnand gask.as‘ .
S N -é' . , . R " %. G .:”“‘:,-:- >
¥ - . ’ e -




»
3 .

T F 15 Manufacturers generally guarantee the effucuency of the|r solar
equlpment - . (

T F .16. Mantjfacturers are Iikel'.y to guarantee solar heating systems if they
' ' manufact'ure ‘all components and certify to the training of installersl

T*%F 17. Poor packaglng and sh|pp|ng pract|ces are a major cause of system

malfunctlon
T F 18. There are more problems with low pressure systems than ther”\are
& © with thh pressure systems. » &
-8 F|ll in the blanks with the word (or words) which most accurately completes the
thought .. ) : T . S
19 The two most prevalent servucung hazards are __° and '
o . - . DR «“ : - .
- 20. Low voltage circuits of" __~  volts is used for . ,
and ) ’ K
\ ) ‘ hAET
21. %o insure:that all air is removed from a l‘iquid'system at start.up, the service-
an must __ S i ‘ “each day for several days of operation..
N B » & . :
+22. Equalizing the temperature at N’le top of a tiquid collector array s done by an:
":5. 4
'.';v‘al"‘ ‘ adjustment ofa S S , a&the top of the collector
C T\ ' ) o s N
5 o ,

23." Sensor accuraey is atfecteo by a

-orlackof " ‘4 - _ . " ,-«q.% _
ks . ) K ‘ . E . B ». R v ] /

. ‘x - - v L
o ) . .. v ) . i '
- 24. Organized . - 4 are essential to a systematic approach
' . - . . . o R e . . X
- . tobalancing. L 3 : .
—_ f : ) L |
25. - Clogged tollector weep holes cause a :
/‘ : o ) . K P : - . .
* ’ v . £y ’



. 4 * o .ﬁ,' v .
Lo o - . . L ol . .
26" Depositing a film on the inside.of the.collector from

/ ' . u .

“* called

vaporzing materials is
» : .

27.. A limited warranty is free of defects in’__,____ﬁ-_f; ar;d',:;_ .

- 28. '@'I'yc'ol in a collector loop s_ho'uld'be about ________. % concentrafion. \

£

29. Aluminum collectors will corrode rapidly unless a ___

I : P : ] . (

2

~ v

-

— . isinstalled. ,

30. Fiberglass tanks must be rated fopatleast. " °F. - >
31. Start-up’involves
A. _ 7 :” .
B." ] )
RadEN
C. .
. b . . ,, .
"32. Periodic maintenanée involves checking:
COA AR
B. L .
.\ vy
C. - LS .
D, ’
E. . - P
F. . - .
. Y v “
o . -
|, " S 1,
'33. . An air handler contains: g A .Y
A e ' ) _ <o g
e _ g ® ' .
D. ., - - ch
—* \l%‘o » 4 . .
E.' - . - ! ! ’ i
T, 85 WY . o
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34 If a motor falls to operate, the elegtronic control sh@uld be rep1aced only aﬁer
completlng four troubleshoattng actuvmes whlch are tb

\_/ ) ’ . . . ‘ " . . o
35, The basic /apprqach to troubleshooting is to, e .
e - . . y
'A.. - _ . e .
N : ~ ) - — . .
B - » .
’ 3 . C‘ ‘ ‘ lﬁ'_}a . ,.' : . ‘ . r
- D "% : ,
L ’ . ~ M 1
AL 3 >~
36 Four main’ categorles of system fallure are .

.O.osr.i»

_ — - | . l :i/ )
’ : - ‘vﬁk : o s
'.‘ _. . * ~‘ . - » .

37. The following list i§ t-yfpical of the tools needed to balange an air system. .

. B. - _ N ‘ :
C. ' .
7 v V.
D-' - 4 .
>’;' i ° .0 .'
F. ~ i P
. : — = s
o . G - _ e
-> | . . N "I. Y
- ' A
g e
'}‘} ’ z g 3.3 h ' N .
o VY 9¢ S




. . | ' LR » Y ’ .
_lhthe’ followung multlple chowe questions, choose the phrase which most cor-
recﬂy completes the statement and circle the correspondlng Ietfer in front’ of the.

phrase’“ . S : Oy

v ) . . >

"fstment” complamts result when’ the IR

38.‘ v"“Out ofe

;.‘.3 :
heating'capacity seems to be decreaslng =
‘heating is uneven and drafty T Y
‘opetating cost is incredsing. ' ' o O
"naise level is rising.

e, all of the above.

Qoo

R ' : ' _ o
39. Of the following, which does'not affect the éfficiency of a collector?

Fi

a. Condensation . . : e

b. Leakage * - "o L -
" c. Dust = - _ _ -
vd“eracked rubber mounts o - .
40. The penodlc maintenance of,an air-h.and_ler requires ’

- a. damper adjustment. :
b. testing concentration of antifreeze. .
c. adjusting balance: dampers ' e i

d. Iubrlcatlon

Combare your answers with those given in the answer key in the bac}< of thls -
Study Guide. If yuu have any question regarding the correct response to a review
- |tem refer to your textbook for clartflcatlon (See Study Hint No 9)

[ i §
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B T B AP A
/ LEssou ELEVEN / Y
~ n\ Learning Objectrves )

- The Iegal responsrbllltles for those who deslgn, engmper 1rJ all, and use solar .
e .“a85|ste,d l'featlng systelns are {wwfpld ]'her% is responsibility for (1)th health and-
P safet}l of*people whq may be jn-contact wrtn‘tlge system; and {2) the pr'&ec‘tlon of -

’ the property in order to construct and malntaln an effucuent and effect’lvwatlng
system : ‘

People must be |nformed about poss|ble tox|c or allerglc reactlons that result
from contact with materials‘ used in-the system There is also the possibility of _
electrical shock or.burns. . ~ e L8

’ 2 v

Property must be protected by enforcung building codes and ll/censmg pra;!*s .
for installers and servicing personpél. There are also- prablems. reﬂgte’d toqeal -
estate that deal with ~apprajsal pract|ces incentives to inyest in solar hamtit
surance, and warrantles of componehts in the system - 7 Y

Therefore after studying this lesson you shou\ld be abJe to: ‘ .

-

Descrlbe the hazarads of a solar heatlng system harn‘*to people and pro- . *
‘ perty . . . .

" »

o2 ldentlfy and explaln the problems relatlng to right to light and{freedom from -
: glare. . o 5. S ' . .

3. ljisc Ss bu lding co"des'and zcning requirements

4. lIdentify m'lnlmum quallty stendards and mstalla@n requirements for solar
' systems. . . .
.. o 2w . . o ‘we
i+ 8, Describe. problems related to property apprais"als' L
- {
6. Analyze problems reIated to |ncent|ves tb |nvest in a solar system-

' ldentlfy problems relatlng to |nsurance and solar systems

| '/8.‘ Describe problems relating’ to warrantles and solaf systems.

. “ ~
E] -, N .
- d . ‘e ,
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.;_i., . . LESSON ELevgu R
| Progress |

Lesson E err in your textbook beforé' ‘;ou atfen@t do oom'plete thls e

ve
AT

: <v reWew "Pleas indicalt whether,the fou0wmg"statements are true or false by draw-
y mg a C'lrcl rqmd T (tqmducate TRUE) or F (to |nd|cate. FALSE) o -
: N . p £ 4 . ‘v - :*
o T F o 1 There is. attention glven to the health ang safety of people related to
' solar heating ut|I|zatlon . N | - '.,"f-

1 F 2 Asglar home owner can do nothlng if a nelghbor s tree grows and ’

o “sh des$ the collector . N z

- . . .
' o e

Y v
{' T F -8 It is extremely d|ff|CUlt to find consrs'tenfﬁf)uuldung codes for solar
heated buuldlngs . . - . T

N : .
- . v . ) ‘ 3
L L]
! i, '

T -F 4. The” Un/form Solar Energy Code has been found uhacceptable for
o fi‘”’?ﬁar heatmg standards and guudellnes

19

.8

T F 5. Cross connectlon refers to’ﬁbok;ng potable water with sewer con
‘ nectlons : ‘ S ’ .
® T .v*‘ B 4 ' LA
T, F. .6 Due to the lack of local codes, |nspectors show llttle conce?n for
o , -soIar feating equupment.‘ S o
T F 7. Changlng compdnents may be S|mpler than changlng codes |f con-’
' troversy arises. .l . J L :

“ o, ..‘«
- s

T F .8 -Beca—u5e of the-~ urgency"to experlment wrtb solar heatlng, there
~ aren't any 1ur|sd|ct|onal labor proplems» ’ o )

',pralsal practices. S
T F 10. lnsurance compames are verychtant to underwrlte
' ] buuldlngs ' . o e .
' . :“}TI':’ L B T yj“ '}.‘.‘v.' ' ! ‘.“ i v ! . - C
T F  11.The Federal Trad -;Vemﬂ‘}J_sstoné‘lsftne agency\that regulates warran-
: L ties, e, . ‘ e

."; ! . v

' - . ;
‘T F 12, A full warranty may only re*a*te o a part of a product v
* b ‘ o ’ " | ..6 . . ’ .-' . ’ -, . L

¢




e . . . o i . .
s - . Bt . R ., .
"““ . . . oot . -4 Y . .
e T . . . - - ‘ , ) ‘ AR

BN T F- 13. AfuIlwarran,tystates that’ there cannot beatlmellqnt tothedUratlon '

ce o{theguar’antee' R T N \f“, SRR
o \p« SR

G 5 CF 14 Pro ratr,ng is gen r l assoc,;’ated with [imited warl'antl.es®
- w \ ) h X ’

T F 15. A llmlted warranty protects dnl)l the orlglnal purdhaser LAk -
' T/, .,F" - 16. lmplled warrantles are explucrt m |dentr4y|ng the functlon of a pro
T 13 17. Warrantles are to ‘be promlnantly dlsplayedcgn ‘“the product or ..
o . packagmg . _; A T _ ;
e i s L .. . - . 3
S Filltin the blanks wuth the word (or words).whi_ch most accurately completes the:
th(Sugh't L o L - . B .t
v TNt e : . R e
’ 18. Several aspects 6f health and safety |n ownlhg solar heatlfg egquipment relate
Yo i “ o~ and T 4%, problems.
' ’ ’ : A R . f
. , e oo : . .' . . . o . "-/__. .
19, Problems .of “nght to? nght" arises from ' . and _ .
: shadlng : . - : T L
v ¢ e - - s o ! to.
@O. Ifacollec‘torcreates glare[he property ownermay‘he redulredto —__ﬁ
©o21. ,'.Proper placement and purpose for buuldung oh a lot in §.given locatlon is
: related to - - , s :
[ : * - ! ) . A - . . . . .
. s :/ : - ’ ’ ' . i ‘ . .
22. " Incentivesto |nstalt a solar systsem may be encouraged by legrslatuon could .-
be consr&red - _or '
>z . . " e - . . € . -
\ ) N s . ] . - K . -~
-23. Compensatory regulationsswould deal vy_i‘th..i.;w__-and _’,}
o . . ’ and . :..‘v : ;‘v . ”
fLoe et o , /.w
SIS \\_ «_,0or §
- e ” .
: w55 ‘
. éj N I
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ve w . - . . ¢ . N .
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oo

25. “Problems with building codes telate te, the L S

N ) N 5 - ] ’
- . y v ’ -
e . B- = ! "
A\l :' Y
.o - ! !
. C. . “ N
: Tas . B T
-~ R . s o . . . . . .
“D. . L v .
5 — - — - o T g
’ - Voo ’ . o . . - -
/ g . . Q - ‘ ) : ot

‘ T - . S . N . ’ -
/ 36. - When dealing m}j‘tﬁéolar'he;atmg“‘éyétems. an appraisew%ay c¢hoose to
. . s F e . . FE .. A

LI - . ™
» ¢ 14 . ‘s.ﬁ“ -
_ s RN
-t 1
T é‘
‘ - 05
f 4 T - - = T
- v .
@ v
. . .
f
N -
L -~
- RS 2o
- \ . . -
: ~ s, L e L
B. N\ . ; o
. AN _— T ,
. C.. - . . -
% ! T e ’
: 0 v =
T -
F r, “’ "": ’ 13 .
3 . . - . - P «
Pl - . . y] 3 T

in"the followmg muttlple chorce questlons choése theophrase Which’ most cor-
rectly completes the statbm "an‘d circle the éorrequndlng tettter in front of the .

phrase . - -, . " _ .
28 A full wart’énty must |nc|ude . ‘*_- R A R AT

e o - ‘
! & a repalrs at-no (tt anq gin reasonable bme T
. ' e .o ‘e

. ‘b. ‘cover. only orighal, purchase.: L . -
" if not repalrable replace or refund money ' . T ¢
.d. -all otthe above . . . g L
'I .'Al i » o T ‘ R . . . . Ve .
. ' . ‘e r. - T .
‘. Lt LB - T H
o . - )
e 40 I » A
.__f_'a'.‘ » .8 , R 2
I o v . I LI . I
v S . i ] . P s,
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i i /
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39, Whlch of the f,ollowrng consrderations must be dealt. with when determinrng ER
p}acement ot solar, collectors . th C . e

: | ,'.A.Q . 4 T T _

"l Freqdom from glare S P T S
¥ brwRight to light = * % - : T A
C Bullding codes~ ., - .7 S Ty

S s Altof the.above . e

"' q None of the aboveﬂ_,‘;;_- s SRR R

, Combare,your answers wrth those given in the answer key in the back of this

;Study Gurde If you have eny r.‘1uest|on regarding the correct response to a revrew _
|tem reter to you“r textbook for clamncatron (Seé@Study Hmt No 9) AL . T

s ERER R A et - .w v . .
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Remove thls exam AR P 0
. trpm your. Study Guide’. ol seore v P
.'4 Tu ‘*-W - " - - * Grade __ .‘L_ : Lo _ 4'. ,
- L U | E “_Instructor .~ . ' S '
R A N Date e .
e Se s L  DONOT. wnrrem rl-us SPACE k
'.‘l.:‘~ ,' 4 .\ .. 4.'4'-'.5\'- . - V'\ T ‘. . J-u : .-“v " ",’4{ ,
. . , W . o T N
Fundamontals ofSolar Heatlng SRR
_UNIT, FOUR EXAHINATION R
- S, - . ) . ; ) S
'-U\Stud’entsName v O U 4v ’7 o .. :
: Addr.ess SN “ , HC'itY'" — State Z‘ip'[' SR
Please mducate whéther the lelowmg Statéments are true or falSe by{xdrawlng a
curtle around T (to mducate TRUE)or £ (to |nd|cate FALSE) ;
T F". 1 lt is not neoessary to lnstal,l a- TOO% au‘xrluary heat System. PR
T F .2 Retrofrt is the practlﬁe of mstalllng a solar heatlng system ln an. - .
R exustlng bxnldmﬁ.m ) !/ e _ . e L
T F a Heat storage “”’35 can'be lnsltalled} any place on a concrete slab' "
o basement floor A b -"-«x_ T T
« T . F 4 GlaSs linéd steel t,anks are vrrtually trouble-free |
P R ~ _‘ A +
T F- 5. Slnce collectors are Ilght Welght l|ttletruss and rafter remforcement .
s Jismeeded” . " . .- * : .-’_‘ ST
L T L -' . . t . . )
ST 6 The fewer number of p|pe flttmgs used the lower the preSSUre d?op K
TTER 7 Ffoofrng |s applred after d|reot mounted collectors have been rnstall o
o T “ F* & quuld collectors are u5ually placed with the 0utlet and |nlet connec- vy
. ‘ ‘tors ar.the top and bottom respectuvely, s R
R | ')‘_ . . e . P . L o e : - i -
oo T e T .93 Tesiirt Ly
S e ] ‘ - Sl -



, T iF...9 ughly mspected;before treing hoisted
T F . -10. Expansion4nd'be Fons 70t a prablem of securely mounted.col- ; -~
v ~ ' ‘ g . -
_L E __._11 So ar-Syste,', Ve ire 1arger expgns ion tanks than cc conventaanal
o waler f , '&:csystm : TR .

| F. 12 If rubber hose |'$ru-=:l i cliqnd system it must wmstand *150 pSl L

- ) £ P YRR
Fo 13 Age‘ltercolut‘n‘;r rﬁcesrmﬁ%mp R .
. ' . A :

. F_'. -14 Sens rs should be n plm-mefore rmgh‘xn electncal mork is done

Al [ .

-

T

T F . 15 Leak estmg a system:as e before drywal!
- A

T _F - -186. ContrOI panels can sy te Ioca,tgtr g

s

‘F . 17 Rough |n electnw wﬂlﬁm veaﬂ-ri

+OF 18, Apebmmed doe‘ not -
tank < iy

= frame c-on-mm*ﬂ
L stmage contamr‘

‘t 2.0 shndard $heet oy, '\1sta&|or$actlces ar not appropﬂate for
uO’.ET dy t wom * :
o 4 , (

* 13
\7 F 25 Vere is no ldngei of frecze-up-ingan air collesz.r solar domestic
ter heatev.- o )

, : o ? - .
) . . -
/’! : :
o - o, ; . .
s

v

ae



,» T PR .. -
T F ’_26 Aclosed laoﬂ DHW sysum‘arﬁnm psnatecmluef valve nrﬁotlec- v

° toL |oop %
o T F .2.7 Al DHW systems use 125 s rated tenmre/presswe rg'l,vef
e valves . e ‘ , ) '
L T -= 28 The arex wow a garage ‘!mcr can e used ",rn-eat sto@ge umts E
v . d‘i M . e
T 29 The mor’*& fuber”a iBLianornt 18 compressed thé mowe effec-- -
PRGN L tiveritecomes. - Y o~ P A
B T F _30 Under r‘am conmions ccv\ectors can rea=t temperat-es of\ ; |
o 300 F. ' A : L :
T ' : . :') DT
T CF 31 Some - remans in suspmsnon wn a ||qu1d‘-sy&m and carmot be
' vented tit the fluid is, mu,.g, - .
T ‘F 32 Thel m-si:resqmnmm kind o1 sensor mourit to de usea .
e .. in each |f|c lcaatan. . . J
T F 33 Shomng out = sensorefl| s»v-umn an qxtremery cold condition
o e e 2 -
: \ T F-: <3_4_., Dlsconnectin/g'the Swohnrior sensor from the contrami slmulate‘saun ~x-
" L .tremely cOld ::ondmon
. T .F - 35, Overloadmg 1% 2 cause of tarure in electrical equipnment.
v " B F -_'_,'_ 36.'O.ugassing = e ’sit}ino’of ar .vily ar péwdovy film en a —zwer y
. ‘ L -. : : plav _' . . Y
] ‘v‘ T F o 37. Alimited warramy mnms“thb pvomuct.,ls fmee from defects in marswa:
Ll o and craftSmansnp <
“ T F 38»So|arheatmg sestems. m«nform °a§lly 10 the Hewmne OwneriWamy
LAV 3T plan avalldbie wheT 3 himee 18 501d. : o . ;
. ,‘ ST “

SRR O F 39 A equspmed shou A be fabeled |f |t s hazam
‘ h‘T 'F 40 Pu-ged weeu‘hol-s are &' _.abiom vémhln dumk : ‘
S L » - !
. T -Fg 41, Sotar heatmg Systemm@re mazed- nh: Ty b
BRI - ’ . | L a"
o 35 S "" ;
: Ed e i




- .‘ . . ‘. .

T 43 Some statks have passed "Rrgh to Lrght" laws

51, Roughrnelectrlcal work ingfudes nnin'g:el.’ectrical-_ser'vi"c‘et,o'the‘»

.o

l‘;"5'2'_,.f'-,;ﬁook"Storag,e“‘@lnlts are generally constrictedof - . " ‘o

‘e T P
. EEE I R, ~~ .

T o 42 Very: few communltles have legrslated special codrng for solar heated

bulldrng constructron. N T .

-

- L4 : .

T .F 44 Some standards ha\re been developéd for sorar heatrng systems by

/

-the federal government R R

M o ) t '/ . .t

T /f, 45 Burldlng msp%ctors should be contacted before constructron begrns

=T F 46 Lobal jurrsdrctronal problems may exrstwhen solarsystems constl’uc-

tron contracts are negotlated _
- ’ . . _ /' ra

F te

o asset to the: prbperty

.‘ 3 N
< e e

T, F 48 Collectors are constdered hrgh rrsk factors for comprehensrve in’
AR surance. L e CoLn T / , S

- f' F 49 An mstaller should grve all Warrantles and product mformatron to the

- owner aftef the system/l/s |n operatron

_ Frll in the blanks with' 1he word (or words) whlch most accurately completes the _
thought \_' . /"/. L o s b s . R

,/.

P Y

S v

PR LI

| /’," S EERTI S
PR : '/'J," - o ‘ ’ :

the baSement flboru.

"'.' el

' and wrre to the

[

’

. .;’.,v- SR P T

SR

<,

‘-
o

S R

A ‘b " e . y o . - . iy .
- - T U

i

R o PO

" 50. Footrngs must be sufftcrent to place ltqurd storage tanks ___.__ abode '

T PR L R o
T . Do oL . P .
e . oo o s

3

T °F 47 All money lendrng agencres consu?eﬂolar,,h'eatin'g'systemsfto bean -

- .
T



. .:5'4'. Electrioal serVice of Z : l'V an'd N are requrred a\\the ‘con-
' trol panel but thls is transformed to _(___V for most corrtrol cnréuuts

o _‘55 quuld DHW circurts are classrfled as . . loop or

, systems

56. Mlnlmum thuckness of lnsulatlon for storage tanks should be ; in-
“thes, and for plpes and ducts it sh0uld be__- . lnches / '

e

o
l.

- 57 Start ub of a llqmd System“ |nvolves _— the  system, testi‘ng'

and measurlng

58 Anemometers tachometefs and manometers wauld be needed to balanc'e a
(an) —' solar heatlng system i : ,

"\_.

Y

: 59.~._-‘-—Ap'roportional control is needed for = ' ‘ : fansand pumps:

o : o \ . - . .
. N ) P . " . ? - e /
. . : L g - i R

760, 4,Rig'ht.”‘_to-'l_ight probiems: arise from interference from __

O el e s a

LTRR

T Some e.xamples of tax breaks as: lncentlwes to invest in solar heatung are .

o . _, and S taxes T

~

iy 'rectly completes the statemen’ and circle the correspondl)'ng letter in front of the
‘phrase R ‘ :

’

S 62‘ 'Fhe roof pltch ‘for dlrect mounted heatlng only collectors on bUIldlng at %0° -

latltude would be c e

A 6/12or26‘/z et
\b 7/12or30°'_ PR

A2M206r85°, . oo e T e
,'.d'., Canzortgye. T o TN

“and

: -4 B .
e T A ‘ o e e
: ’ e = . : . A

ASS

. In the, followu’tg multiplé chojce questions choose the phrase WhICh most. cor- o

k2
AL



aoow

. - »
Gollector ‘Sv—_—TS shoutd'n-ﬂed 4 o e " '
before wspdction. S B
betfofe mosting the co—uﬁr ta the roof

alet heisowg the col'or to the roof. ” o ) ' -
wmen mstaliing et circuits. - T

Coea T

o mvan prspaesy, mo¥izy
~ feet:orrrdn.

a6 gQ tb

. Rogw

& redesgning me sysiam. .

‘a. = tnen
b. = incn

A

piping.must have _— pitch for eac 10 -

-

.’ Y

c. -~ mgh

d. Z-mhes - il f'VﬁQw

Insu_I requwewem-r arce esganeered ‘to

cnuma'ract et Io‘ E : .
fil: wre wails ¢ ' e
cover the fou-itatie " B
coverthe cedimg |

. Mugch.c e esupjiibwi-r féor equipment placement is délegated to the

a.’ arcamtect. S :

des;mer C e o
ins=atler: - T }
.".{_'owrer. R

" ]f a.syaem ls no? peﬁormmgproperly ma;or chanq'es to the system shoutd be v .. |

made oWy afte .

'i‘l e

. @At iosse: are recuold. - ‘ '. ' ) A

tub +,g to the conectbr LT -
Egélk-ocks in thie nebble bed "1-, ' L

air removal, at sf ri-up of quuud system the servnceman shou;' )
! . - e . S e . N ’

il flomt vents o -‘_‘/ S .

the collector connector. - , e s

a
b, i
G~ -systern after a week's operation. .~ /. |

S . wlcsty open all bleeder valves

o ) " A /"IU'} . J,:':"v' )*',_ -
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. 74
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aoow

aoow

IS 7 oo P
Seri"’soré t’unction /beca'use'

-of the kind

“of reasons

14

dvrew the

. s orawungs., : s
xobtain pum: formance dare o

__adjmt dam

v.havwanu

watqr or aur pass over them

-
~ L e

of controller usec with them

-heaf changes in tl\ugelectn..nl resrstance ( p

nottﬁted L N s

i [N

o] batante anmheatmg’w—«rwm servrceperso s

.-

fﬁ"t'urer s recommer‘aat'ons "

[

The moss difficur uquud storage =nks: 'rseal are .

:a,
“b.

“C.
d.

7{);
v

a.
b.

. e
d.

To kmirom contamlnatung potabte water, a solar system needs

b.

¢.

g

Bom:au
fibewryas.<
glar— i

) . * L

<

aaessting e flow rate . ’ *

Sy sHlie ma\

"be out, of ad;ustmer& Y 1

ns.aum mheat is decreasmc

th=weat 4s

-

Jneven. .t g

omating costs r|se

am—t the above" occur

-

a pressure

a back-flow check Yalve. ' . ol

L

‘

relief wvalve,

a balancing valve.

alve. } -7 o

;2 shut-off v

-are,on your exam before rhailmgl

'Be lz/ure your name. and address '
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. To Progress Review Questions

| ., Locate the specific Progress Review. Alongside the question number you'll “ind =

*

.

T thecorrectangwer. % 0 T T T

If any of your answe%ﬂnot'agreé with those listed here—first, reread ~ne ques: .
tron; Tiext, refer back to.yo rtext"book;.f_inal_ly, if you still disagtee or faii « unfer-
stand to your satisfaction, fillgut one of the student assistance forms zvided
with your course materiais an@ mail it to your instructor. A detailed ex:aa“n\tion e
_will'be sent to you as soon as possible, * ! \ : _ S ' .,

- -

.\,\' h 7 . ’ ) .. 2 . . h T )
et = M .. . . . . - . - -
. v T . - [ . . - '
Lesson One . : . : . » ™ .o

\ S~ . . v o : -
LT e TS ' , . 26. conduction  .¥- L

Kd

18T \ A - e -t
. ”:‘19' F '(\ 4.. , “ kt ..“ 40 b- . .‘\_.’, . N “

SL200F e e e T N

28. %" to 1"
29. tive feet
‘ 30.‘-Ieakag€, plumbing crmedtions’
31. heat.pumps. 2lectric resistance -
. heaters L '
e 32. yefrigeration ‘-
‘ PR , 33.¥absorption  » - .
~ o - 7. = 34. compressor, condensor, expan-
. SR sion valve; evaporatar : . N
« . 35. no, maintenance IR
. . 36. 50-80 ': .
< - 37.°puildidy design long terr :
Coe . Payout maintdpance ‘erar
. o k) A ' safey” '
O A o 38 d

- 21. passive .. o _

' 22. geenhouse oL LT : v ,.
| 3. air; lguid ~ A ‘ N '
¢ . 24 black, absorbing . o .
- 25. radiation, cqfiduction, convec- " _ s .
s tion._‘ ' ﬁd ‘ R : ¢ .
.' . '_. N , = 101 1 "JS | . . R
o . . . Y
T4y . v . . .



Lesson Two

(RS
-

COND NG
4MmH4A4 4T TnmAH-
N < :

£
o

12, fossil ., /¢ ‘
. 13. ultra-violet, visible. mfrared .
14 BTUIMER /4 :

« 30.

.. 32,

‘33 a
8, a

T

11.

15.:3.69 ..
16. ultrawolet
17. IR

_18. lnfra/re;j L >/
19. |OW T, r'educe\s'_v

20. ‘greater -

21, 25°, 75~ .

C-22. oon time
23./northern’,

. 24, sputh .

- 25, the latitude, 1
b6, 15° - f

/21, advanCe ‘on

28.
29,

31.

‘“NO'O.Uc-o

N
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L Lesson Three . - o ,.

‘ .. /\' . ' - "'. . é;_'

OCOND O AW

19.,
20.
21.

_‘ 22. F 3 ‘I * ". i " l. « ; 'f'_
. 233- - o, o -- - ’
zé. T_\‘ ' : . N . . ..-.. )
20T, SR \ "'

. - . . ,

P '27.T . .
- 28. T - ' . .
29 concentratépg, flat plate
30 ajt, liquid n o
-+ 31. covers, absorberplate, heat
v.]-  ‘trahsfer-tube, insulation frame - © . - ‘
» .82 b . o
33 dy . £ S .
34. b : i
O . S
: : 36-'ob T ’ L -e ‘ ' C
C3rtp s . - : s . .
(7.' - 38@d . ) ' v . o
-39, see,Fi'ngre 38 L

—t
b . -
'11—1_"'11—1'11'11'11_'11'11'11—4_'11-—4'11—1_—4'—1'11'11—4—4
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. x -:‘ ” L owen s R '.
V \_ Lesson Four ! \ L T, N
Iy . e X 4 . . i . L. - N
L e . YT, 38 A.'th syst,em must be in:
K 2. T. PR '_'. o B . . i SUlate B
: 1 R B © B. pverheatmgmay occur - ,
s 7 & F i : AN . C...there may: bewater—leakage,-r-—A-
. B F . /‘ o . problems,.. - 7 . 0T T~
¥ 6T - v S piping can cofrode s
< T Y _ L. T, E. inspecting for 1eaks in mac
- A S - cgssible places. e
O F 7 ’ .4 ' _ . 39.A the system requure,s little
¢ 10T A VI \ mainteaance - .
<. "ML F T ' e . B. leaks can be stoppe.d easlly
2.7 -, K,\ ' A 0/warm air is easily con--+. -
R R Pt \ " necfed.fo present: heatlng :

T S ST = Systems* = .
15- T 7 T - D. ‘rocks hold heaglonger than'
L . 7 % 7 water- . .
ve o YIT R : _' 40. A. they iust be large cor-
N 18 F ot ' - Pared to‘water units  , |, t
‘ 9-F [ L "+ B. pebbles must be washed o
v go T ST _C ductwork ns bulky and oc
=21, F NN . - tupies much Space "
T A1LALC ‘concrete

L4 -

22 phase change system 3
88 v o
- -."B. steel .

4, Jhermosypbon domestlc hot s _ SR .
g waters ¢ ° : IR Cr. flberglass e ]
. 25_.- water, reck R LR ::23 722FF N : N

- - 26 building, cojlector.. " . " - 43, 7° e ‘

. 2r _\ielectrollys_is L Ce ‘){ 44. 54 6°F J . -

‘0. 'I. '28'. C\onc'rete . ». e ," . d R ‘.., o ‘7 "4 ‘ : v
“‘ 29. 3/4"‘t0..11/2;" <o T ) o ;x\‘_ ’ : s ‘v':’. - c s ‘ - ‘. : \
30. vertical, howzontal | =7 o 7 g oo o & "

T BRI RN e
B2.p. 0 B T E

b' . sk - ¢ ¥ . P -

Ry 33 ‘a . , . " —.‘, . . 1 . : . . ».ﬁr ] .
L AT T A I
936-'}? / I AR . ,«‘:@4\- - ‘- . St
- 37.7A. water is abundan A S S

’ - B._water absorbs helfffeadily -, AR

"« C, mtmmakspace requnrements b U

- y g . L
M ‘“ ‘ - . ‘e M
.. S B . - . f .
4 o . o .« L . . . ) 29
[ - e . - " P
04 A .

.’US”

<’,I~ :‘- ‘ \ . . ° . [ ‘ ‘7.‘_- (N
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. o2 Lesson Five LR I N S EIRIny BRI

O

ERIC

Aruitoxt provided by Eic:

; i F T LAy °. - B’Checkvalve .- -
) ~ A8 F S SRR \J > 'C' C: Globe valve S
) e ST R oy g v e . .
) AT L T T e T e X 42.. A Dirty filte .
WY, 5. T AR I S ST ‘B Dampe ‘ac stment
‘ 6T N R ¢-¢ Basuc alterations , ,
T ST e T T < T 437d) L ok
: -8 R \)n‘ v Al 44\‘3 ‘. A--?f-‘. :
.' ”'19’.,7[_.'-._ s e C s T 48, AR . .
W00 T o MK R e
N ::11 F oo y’ R Dann - 46 See Frgure&“s‘}, e
( 12, FR_ - - B '.l_'L X VoS o
: 1'3;';F‘ . e ' A ~ » o e s M . ‘ < o
-’,5‘ - '14 T'..l/"‘l -.' : ® v T ’ i =S Ay : PR
V 1.6. $/ o fet &t d ! ' ] .? v < _Ol' ‘.. \_-;"-
AT AR : NG A
- 18, F . A . o L e
190 T N .- o et @ 5. " : . fogs -
- I\tl:'21}.:-_T' . - ; v, : A\. - X o ' ’:w ' Lo,
o -'_T. RN .o S DU RPN
/ 221 colLectors heat storage umts .
. 25. gallons per minute .- ’ .
26, anti-freeze, or special fluid, a" . _
BRI drain-down cycle o “ : : T
o7, shell, tube: - B . T
. 28." statlc Ve ocut'y, t.otal - ; ' ) o \
= 290 system : T '
.30 ntroller actuator :
" 31, cBltector, storage upit .
' 32:- conventlonal ‘heat source . o
+ 33.- nickel wire g . .
34. .thermal conductlng comp0und IR U .
. 357 'solenoids " - . '
. 36 damper, solenoud AR
o 3. electromagnetlc :
38 expansiontank ¥ . . s
.39, batancing: ‘valves .
* 40. dielectric unions RS . s
¢ L [ P L v g L.
; o Y ki . :
- : 109 : ‘ V
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' '..ngss.oh Six b)

*

CONOO S WM

‘-‘—A—A
N ' 0

T : . - :
T . . '

F . . ¢ . R
F * ’ g £ -

I . v ] . . "F )
T » " A T

F -

d:. . a .

d Ct 7

a .- :

C., 7. . a - .

b a
a7

da ' )

a - .

o et

‘Av

'731zsq oo
. SMACNA. Installatlon Stan .

. dards

diffefent assumptions

. B.. Must be thoroughly ac-
qualnted with the a55umpt|ons
). and how they differ from the . - -

parameters of his specufuc ap-

pllcatlon : -

. Any. ten of the followung solar
system fixed initial cost- mstall-j~

ed cost per-square foot of- COl-

. " lector loan |nterest rate loan
- Y%erm loan down payment pro-

perty -tax rate income 'tax rate

.-A. each p(ocedure is based on ' Lt

mamtenance costs insurance o

rates property tax rates fuel

" costs inflation

.

[ -

106

» .
©23. A.-55
8. $1000 - -
C. 2% #e
:24. A. 36700 . -
B. 400
. "C. 72
v D. 16.3
. 25, A. Shell and tube
' B. Utype '
“ C. Helical o
26. 75 X 0.0025 x 145 2.72»ga|
v R . ~._)
; ‘f"é’ﬁh :
i3 . rc " .
P
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“ .Lessdn"Sev"en‘ . I

"1 F |
. 2 :_[ jl ’ “‘ \_;‘.7, I‘J:- " -..‘
‘ 37T e i ! : *
5. F S . "
. 6 F , S ' N
\' 7. F - . \ ’ ' \,?
.. '8- F . < - Ti_ﬂ; ' . ;
9. T N > o ""ﬁz.
10T IR
MR TRS St Ty
C12:E " o, g
. 18.dY . LA ' SRR ‘_59. g
_o.14.d - - - ¢ PR
¢ 15sas v S . =
. 16 A Heatrng from the collector T . .
' - B. Heating from storage ~ g Coe o :
..» C. Heating. from aux;llary ST T - .
© ... D. Storing'heat. RS ¢ o

. E Heatlng domestuc hot water L
(DHW) . . K . s | B - ]

17 opposite AT CLe T '

" 18 A.- ~air pressure in the system is L e
" -higher - : T
B there is more ductln
C. the system runs more hours
.~ D.more ducts through . . S
. :unheated space " - . . - _ ‘
19, belt’ I ' EPRRR
" 20. live rubber seals

.l - <. e

21, A storlng~heat
: B._heating from colleggtor '
‘C. heating with auxiliary
0y K x x
‘ «



) \,i- A . ..
"\ ‘Lesson Eight

> tem erature ‘, o
‘ ‘ Design problems due to fact
torage tank must. be
e above collector -
© v . . - C: Inability to usefollector' _
o wheré temperature drops below -
RV freezmg e
E D. Safety. valves necessary to
allow excess pressures to_ -
. ‘escape ~ T
18- pressureltemperature rellef _
.t 15, A Collector' . R
. B. Temperature sensor. =
C. Pump s
S, O, Check valve see Flgure 8-3
716, 8.33x70x(155- 45) = 64,141

“A ..

Py
.

" 108 .



| : Leseon Nine_

. v T . 35. A:-soldering . i
' =T . ° B.‘threading’ o ,
: C. clamped rubber hoses o
.: 36. A. directreturn = .
. . B. reverseTeturn
"6 o \ - - C. serres :
St o ‘\ . Q 37 AL ‘a blowera : .
L N L Y B mo;cnzed dampers
10 ) \ . - - G 24;v0lt controller .~
.1-1' a o sy Y D optloﬁal DHW preheat coil
12 T |- . low thérmal conductance
13 . » .. T .. B. highresilience %
.14, ' ’*C resistant to flre Jinsects, . -
15. - etc. e
16. " .D. a high meltmg pornt : ,
17 i : : E low bulk density
18. L _j_,‘ S Zsurface resrstant to abra- -
19; = Lo e sl e
20. : ’ ' Y "39: b". . ol
21. . .. 40.a
20, \ 41.d ‘W e
248, T ) 43. c . oy o
ST \ -
26. - F . v
27. retrofi tmg
28, water, ¢ontainer > -
. 29, _collecto trlt angle .
- 30. air vent”
31. copper; rgh temperature .
_ plastic \\ . > hoLT '
32. volume of \flyid, temperature‘, -
rise R ‘
T 33. .getter colurk
" 34. A sheathing, : ,
B. felt paper ne tallatlon o .
c. cuttrn@ pip g openings : :
v
" 109 :




SN . -, ] . : o ' . o
N : . R : ¢ v -~ S PR
) . ‘ . o A N -

| tepson'Tenc e 32. A airfilters - -0
: T N o - B. Yquid filters - P
‘ T" : = . G an ifreeze con entratlon‘
. - - . D.: blower drlve e]ns :
e o ~ .- E. pumps
I R E N \\ F. Inqund levels
. [ - 33, A. electfical controls

T S -1 plumbing connectlons foy”

—
o
h
A
-.‘_.'.' o V‘.A;_. ,..-'_"‘
.

T
+ T o T "~ - DHw. ' ! A
v T S s C. alrdn/ertung dampers
‘D. blower~ L ’
1157 2 & E. blower motor X ST
* 12T~ "34. A verify. temperanre difs ._
. 13. F , - A ferences’ - A
. 14, T S e «.-. . B..check semce'voltage
IR -7 AP ' - C. disconnect the:gollector -
YT e TS : T, ' Llead wire to slmula h.|gh or
e LT o S Mow temperatures "
/. . 18. F o S ;. D. check wite, arou d the ser ,1
BERAREET ) burns, e°|ectr1cal shoc\@ B ‘vice switch - g
20. 24, sensors, relays thermostats‘H . 35. A note the compla g\t
21. ‘open all bleed valves ‘ . s B. determine the sytptom
' 22. balancingvalve , .. " 7 - .. .C. check tHe causd ofjleach
«23. loose connector, thermal conh ¥ - symptom . L
.. ddcting compound ® - ¢ ‘ Y ~ D remedy the trouble . .
.24, work sheets o - 36. A. part failure '

- 25. pressure build: up behind the . B. 5mpropgr‘adjustments o
. glasscovers SRR C. poor.construction =
S '26. outgassing . . D. poor design ' * - -
’m 27. maoterigls WOI’kma"Sh'p ~" . - . . 37. A rotating valve anemometer
oot 28.80% - - L S as P27 BL velometer - -
/) 29, getter columi. < oL F e G pitdt tube c
7 30. 160 s ' D.
D. pressure gauges (for exam
‘31, Af charging the system . ¢ ... ple manometer) :
" B: testing control modes. ' E: thermometer

.
v . C. taking various BN : oo F tachometer
- measurements - - T G..vdlt-amp meter
o » . - ) : ‘ o . . z.:. . . 38 e . .
: ‘ . 88.d -
ot 40 ¢ ,
110
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.- Lesson'Eleven: - - . ST e - ST U P W

A

S A ¥ _ - oar. A, nght 1ollght
R A .t .B. freedom from glare -
A ~*.* . G: nuisances - -
T S « .+ D. building standards’ .
e e '~ .28 aandc-
P e .. 29.d

D

c

-

)

NAOO®NOOAWN

AN A AN A=
.:®

NG -y

b
N
o

-

L .

s
f“»
—r

_‘operatnonal. mauntenance Lo R . 3
'_structural veqetatlon - o R
change the tilt, angle L : v o :

RS
Apm@
[
V4

. .Zonlng f{ ' . - .d - . . . v
.régulatery, cdmpensatory s _ S (
.- low cost loans, tax breaks,in- -~ S B
w" . - .come, sales, real estate = o
T .’;-full ‘limited, implied . - - T v - _
. A. design charactenstlcs T , : : e
~ B. intent of the codes when: “Tee L s -
T owritten. . R ’ L
~C. specific wordujg A
* D.-attitudes of local authorities ' \ SRR
) E. cost of changmg testing :
RO criteria .
26. A. ignore the system ‘ , :
- B. treat the'entire systemasa .- ¢ . ,,
g : -hot water system U A
: C. limit assessments to in- '
'~sta|lat|on costs . y

i

NN
@ Nes

N

NN
[, N

R
5

LY

! . o B . . # U. S. GOVERNMENT . PRINTING OFFICE : 1978—261-238/191
— T
] s . Y : 111




